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OCrrOBER  MEETING  IN  NEW  YORK 

The  New  York  meeting  of  the  Society  to  be  held  in  October  will 
have  the  following  general  program,  subject  to  minor  modifications. 
A  paper  will  be  presented  by  L.  P.  Alford,  Engineering  Editor  of  the 
American  Machinist,  and  H.  C.  Farrell,  Mechanical  Engineer  of  the 
United  Shoe  Machinery  Company,  on  Factory  Construction  and 
Arrangement  with  special  reference  to  the  construction,  develop- 
ment and  arrangement  of  the  United  Shoe  Machinery  Company's 
plant  at  Beverly,  Mass- 
Owing  to  the  limited  time,  it  has  been  decided  to  confine  the  dis- 
cussion to  three  subjects,  as  follows: 

a    Machinery  Arrangement,  covering  the  different  methods 

of  arranging  machinery  for  manufacturing. 
b    Artificial  Shop  Lighting,  dealing  with  the  advantages  and 
disadvantages   of   diffused   illumination,    and    the    best 
type  of  lamps  versus  the  advantage  of  individual  lights 
at  each  machine. 
c    Factory  Floors,  giving  the  relative  advantages  and  disad- 
vantages of  concrete  floors,  composition  floors  and  wood 
floors. 
It  is  expected  to  limit  the  various  discussions  to  ten  minutes, 
making  them  brief  and  to  the  point,  and  so  far  as  possible  illustrating 
them  with  lantern  slides.     These  are  all  live  subjects  and  the  Com- 
mittee on  Meetings  of  the  Society  in  New  York  hopes  to  have  a 
large  attendance  and  a  lively  discussion. 


4  SOCIETY    A  I' FAIRS 

lll^PORT  OF  THE  NOMINATING  COMiMITTEE 

The  Secretary,  according  to  B  29  of  the  Constitution  and  By- 
Laws,  announces  the  receipt  of  the  foUowing  report  from  the  Nomin- 
ating Committee,  consisting  of  R.  C.  Carpenter,  Chairman,  R.  H. 
Fernald,  A.  M.  Hunt,  E.  G.  Spilsbury,  C.  J.  H.  Woodbury: 

The  Committee  appointed  for  the  nomination  of  officers  of  the 
Society  met  on  May  31,  1911,  at  the  Hotel  Schenley,  Pittsburgh, 
Pa.,  and  nominated  ])y  unanimous  action  the  following  officers: 
President,  Alexander  C.  Humphreys,  Hoboken,  N.  J.;  Vice-Presi- 
dents (for  two  years),  Wm.  F.  Durand,  Stanford,  Cal.,  Ira  N.  Holhs, 
Cambridge,  Mass.,  Thos.  B.  Stearns,  Denver,  Col.;  Managers  (for 
three  years),  Chas.  J.  Davidson,  Milwaukee,  Wis.,  Henry  Hess, 
Philadelphia,  Pa.,  George  A.  Orrok,  New  York;  Treasurer,  Wm.  H. 
Wiley,  New  York.  All  of  the  nominees  have  been  notified  and  have 
accepted. 

MEETING  OF  THE  A.  I.  M.  E.  ON  PACIFIC  COAST  AND  IN  JAPAN 

A  cordial  invitation  is  extended  by  the  American  Institute  of  Min- 
ing Engineers  to  all  accredited  members  of  The  American  Societj' 
of  Mechanical  Engineers,  to  participate  in  their  101st  meeting,  to 
be  held  this  year  in  San  Francisco,  commencing  October  10,  1911, 
in  the  St.  Francis  Hotel,  to  be  followed  by  a  trip  to  Japan.  The 
special  train  secured  for  the  party  will  leave  Chicago,  Saturday, 
September  30,  at  8  p.m.,  stopping  en  route  at  the  Grand  Canyon, 
Los  Angeles,  Santa  Barbara  and  Del  Monte,  and  arriving  in  San 
Francisco  on  the  morning  of  October  10.  In  addition  to  the  usual 
sessions  for  the  reading  and  discussion  of  professional  and  technical 
papers,  the  Local  Committee  in  San  Francisco  has  in  contemplation 
a  number  of  excursions  in  and  about  the  city,  including  the  oil  fields, 
gold  dredges,  Mt.  Tamalpais,  Lick  Observatory,  Mt.  Hamilton,  Uni- 
versity of  California  and  Stanford  L^^niversity,  and  possibly  longer 
trips  to  Grass  Valley,  Nevada  City,  and  the  Mother  Lode  district. 

After  the  week  spent  in  San  Francisco,  those  who  plan  to  go  on 
to  Japan  will  sail  on  October  17,  stopping  at  Honolulu,  and  reaching 
Yokohama  November  3,  in  time  to  see  the  parade  in  honor  of  the 
Emperor's  birthday.  The  excursion  through  Japan  covers  the  chief 
points  of  historic,  scenic  and  professional  interest.  The  return  trip 
will  start  from  Yokohama,  November  21,  reaching  San  Francisco, 
December  7. 

Further  details  may  be  secured  on  application  to  Dr.  Joseph 
Struthers,  Secretary  of  the  American  Institute  of  Mining  Engineers. 
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COMMITTEE  ON  STANDARD  RULES  FOR  CARE   AND   CONSTRUC- 
TION OF  BOILERS 

At  a  meeting  of  the  Executive  Committee,  held  July  27,  the  fol- 
lowing committee  on  Standard  Rules  for  Care  and  Construction 
of  Boilers,  was  appointed,  subject  to  the  approval  of  the  Council: 
John  A.  Stevens,  Lowell,  Mass.,  Chairman;  Edward  F.  Miller,  Bos- 
ton, Mass.;  Chas.  L.  Huston, Coatesville,  Pa.,;  Herman  C.Meinholtz, 
St.  Louis,  Mo.;  R.  C.  Carpenter,  Ithaca,  N.  Y.;  Wm.  H.  Boehm, 
New  York;  and  Richard  Hammond,  Buffalo,  N.  Y.  From  the  expe- 
rience of  the  Society  in  regard  to  its  codes  for  testing  boilers,  engines, 
etc.,  there  is  reason  to  believe  that  a  set  of  carefully  prepared  speci- 
fications, formulated  and  recommended  by  such  a  committee,  will 
be  recognized  as  a  standard  by  legislatures  and  officials,  and  that 
uniformit}^  in  legal  provisions  will  thus  be  obtained. 


NECROLOGY 

CHARLES  SCRANTON  HUMPHREY 

Charles  Scranton  Humphrey,  who  died  in  an  automobile  accident 
on  June  29,  1911,  was  born  at  Kokomo,  Ind.,  September  2, 1888.  Two 
years  later  he  moved  with  his  parents  to  West  New  Brighton,  N.  Y. 
He  received  his  preparatory  education  at  the  Westerleigh  Collegiate 
Institute  and  entered  Cornell  University  in  1904,  receiving  the  de- 
grees of  B.A.  in  1908  and  of  M.E.  in  1910.  He  was  interested  in 
automobile  construction  and  also  spent  several  months  in  the  gas 
engine  department  of  the  Bethlehem  Steel  Company,  South  Beth- 
lehem, Pa.,  and  later  in  the  shops  of  the  C.  W.  Hunt  Company, 
West  New  Brighton,  assisting  in  the  design  and  construction  of  a 
combination  fuel  oil  electric  locomotive  for  use  on  the  west  coast  of 
South  America.  He  wrote  a  number  of  papers  on  automobile  design 
and  construction  and  had  for  some  time  been  a  regular  contributor 
to  one  of  the  leading  journals  devoted  to  the  motor  industry. 


THE   PURCHASE  OF  COAL 

By  Dwight  T.  Randall,  Published  in  The  Journal  foh  Makch 
ABSTRACT  OF  PAPER 

Most  boiler  rooms  are  now  conducted  in  a  manner  which  permits  of  consider- 
able saving  along  two  lines:  (a)  the  selection  of  a  coal  which  is  suited  to  the 
plant  and  at  the  same  time  is  capable  of  delivering  the  greatest  amount  of  heat 
to  the  boiler  for  a  unit  of  cost;  (6)  burning  the  coal  by  approved  methods  to 
obtain  the  highest  practical  efficiency. 

The  coals  which  are  offered  in  almost  any  market  vary  in  price  and  in  quality 
to  an  extent  which  justifies  a  careful  study  of  their  character  and  heating  value 
in  order  to  determine  which  coal  will  prove  most  economical  when  the  equip- 
ment, the  load  conditions  and  the  price  are  considered.  A  coal  which  is  en- 
tirely satisfactory  in  one  plant  may  be  unsuited  to  another. 

It  is  possible  to  burn  almost  any  fuel  with  reasonably  good  efficiency  pro- 
vided the  furnace  is  properly  designed  for  the  particular  fuel  to  be  burned. 

Coals  which  are  suitable  for  any  given  equipment  depend  for  their  value  prin- 
cipally upon  the  B.t.u.  and  the  size  of  the  coal.  A  thorough  study  of  coals  and 
the  variations  in  their  quality  has  naturally  led  to  the  purchase  of  coal  under 
specifications  with  a  guaranteed  analysis,  which  provide  for  a  definite  procedure 
in  case  of  a  variation  in  the  quality  of  coal  delivered. 

DISCUSSION 

C.  W.  Rice,  speaking  as  a  member  of  the  Committee  of  the  Society 
on  the  Conservation  of  Natural  Resources,  said  he  desired  to  em- 
phasize, without  in  any  way  conflicting  with  the  idea  of  this  paper, 
the  importance  of  designing  plants  to  use  low-grade  fuels.  The  tend- 
ency of  the  paper  is  to  direct  purchasers  to  be  particular  with  the 
coal  dealer,  with  the  result  that  in  the  effort  to  meet  specifications 
only  14,500  B.t.u.  coal  is  furnished,  and  there  is  no  market  for  the 
low-grade  material.  Hand  in  hand  with  the  idea  of  purchasing  coal 
on  the  heat  unit  basis  should  go  the  designing  of  the  plants  to  fit 
market  conditions,  taking  advantage  of  the  fact  that  the  coals  of 
slightly  less  B.t.u.  than  the  best  are  materially  less  expensive. 
Engineers  dealing  with  the  forces  of  nature  have  a  duty  to  direct  their 
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work  along  the  lines  of  conservation,  an  idea  inclusive  of  the  efficiency 
of  those  forces. 

Charles  Whiting  Baker  eni])hasized  the  points  brought  out  by 
Mr.  Rice  and  called  attention  to  the  fact  that  in  the  East  a  number 
of  plants  arc  successfully  burning  a  very  low  grade  of  fuel,  which  it 
would  be  impossible  to  burn  by  ordinary  methods,  through  the  use 
of  the  steam  jet  blower.  While  the  use  of  the  steam  jet  may  be  crit- 
icised from  a  thermodynamic  point  of  view,  its  advantage  lies  in  the 
fact  that  it  keeps  the  fuel  bed  cool  enough  to  prevent  trouble  with 
clinkering. 

R.  C.  Carpenter  held  that  the  ideas  just  expressed  did  not  con- 
stitute an  argument  against  the  necessity  for  testing  coal  or  for  pur- 
chasing coal  by  analysis.  He  had  lived  for  a  number  of  years  in  the 
district  bordering  the  anthracite  coal  region,  where  it  was  necessary 
to  burn  the  small  grades  of  anthracite  that  were  in  little  demand  for 
general  purposes,  and  he  was  very  famihar  with  the  methods  employed 
in  burning  this  low-grade  fuel.  The  material  contains  large  quan- 
tities of  slate  for  which  thousands  of  dollars  are  spent  annually,  and 
the  loss  in  this  respect  can  be  stopped  only  by  the  purchase  of  coal 
on  analysis.  He  believed  the  paper  to  be  just  as  valuable  from  the 
standpoint  of  the  utilization  of  poor  fuel  as  from  that  of  the  pur- 
chase of  the  more  valuable  kinds. 

W.  F.  M.  Goss  agreed  with  this  point  of  view,  and  believed  that 
the  coal  producer  must  take  more  responsibility  for  the  suitable 
preparation  of  his  coal  before  dehvering  it  to  the  consumer.  The 
poor  coal  should,  of  course,  be  mined  and  used,  thereby  carrying  out 
the  policy  of  conservation,  but  before  the  delivery  of  this  material, 
the  operator  should  be  encouraged  by  the  development  of  markets 
which  will  take  a  superior  fuel,  to  improve  its  quality  by  washing, 
sorting,  and  even  by  briquetting. 

E.  D.  Meier  stated  that  he  was  a  firm  believer  in  the  analysis  of 
coal,  and  the  practice  of  basing  the  purchase  price  on  the  analysis, 
provided,  however,  that  this  policy  be  applied  only  to  a  particular 
district.  Analyses  cannot  justly  be  applied  to  comparison  of  coals 
from  different  districts  because  other  things  besides  the  chemical 
comi)osition  of  the  coal  must  be  considered.  For  instance,  a  certain 
coal  in  Illinois  contained  as  an  impurity  a  bituminous  shale  which 
carried  75  per  cent  ash,  and  although  this  coal  may  iia\  e  compared 
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favorably  with  other  coals  on  a  B.t.u.  basis,  this  was  not  a  true  com- 
parison, because  the  shale  fused  and  choked  the  fire,  making  it  neces- 
sary to  clean  the  grates  very  frequently.  Again  coal  from  a  certain 
Indiana  mine  high  in  B.t.u.  gave  poorer  results  in  boiler  furnaces 
than  coal  from  other  districts  lower  in  B.t.u.  because  it  was  extremely 
friable,  causing  much  loss  by  dropping  through  the  grates. 

E.  W.  Rutherford  wrote  that  in  Par.  6  and  Par.  49  the  author 
calls  attention  to  the  fact  that  considerable  variation  exists  in  the 
quality  of  coals  sold  under  the  same  general  trade  name,  but  does 
not  tell  us  how  much  difference  may  exist.  Two  contracts  for  coal 
purchased  on  specifications  had  recently  come  to  his  attention 
which  he  thought  might  be  of  interest  in  this  connection.  Two  dif- 
ferent dealers  guaranteed  the  same  B.t.u.  and  furnished  coal  of  the 
same  trade  name.  While  these  contracts  have  not  terminated,  prac- 
tically all  of  the  coal  due  has  been  delivered.  The  analyses  show 
that  one  dealer  will  receive  a  bonus  of  from  $0.01  to  $0.02  per  ton 
and  that  the  other  dealer  will  be  penalized  about  $0.10  per  ton,  the 
two  contracts  showing  a  difference  in  value  of  $0.11  or  $0.12  per  ton, 
or  about  3  per  cent.  Since  approximately  20  samples  were  taken 
in  each  case  by  experienced  men,  there  should  be  no  appreciable 
difference  due  to  sampling. 

Undoubtedly,  in  some  cases  more  than  3  per  cent  difference  exists 
in  the  full  value  of  coals  sold  under  the  same  trade  name  when  pur- 
chased on  the  heat  unit  basis.  This  leads  to  the  question  how  much 
more,  if  any,  it  is  necessary  to  pay  for  coal  purchased  on  the  heat 
unit  basis  than  for  coal  purchased  in  the  ordinary  way.  If  the  plant 
is  favorably  located  the  cost  per  ton  should  not  be  increased,  because 
the  specifications  should  protect  the  dealer  as  well  as  the  purchaser, 
as  pointed  out  by  Mr.  Randall  in  Par.  41.  The  "as  received"  basis 
is  occasionally  objected  to  by  the  dealer  and  does  not  seem  fair  in  all 
cases,  as,  for  example,  in  all-rail  shipments,  but  is  undoubtedly  pre- 
ferable to  the  dry  basis  when  the  coal  can  readily  be  sampled  at  the 
loading  and  weighing  point. 

If  the  author  can  give  us  any  further  information  on  these  points, 
it  will  be  appreciated. 

Perry  Barker,  representing  Mr.  Randall,  said  in  reply  to  Mr. 
Rice's  criticism  of  the  paper,  that  its  opening  paragraphs  drew  atten- 
tion to  the  necessity  for  choosing  the  character  of  the  fuel  desired. 
If  the  plant  can  be  so  designed  and  the  fuel  is  so  available  that  a  low 
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grade  can  be  used,  it  will  be  profitable  to  change  the  equipment  to 
suit  those  low-grade  fuels.  However,  the  variation  in  this  coal  is 
such  that  it  is  not  profitable  for  the  average  plant  to  attempt  to  burn 
it  without  special  attention.  He  cited  as  an  example  the  small 
size  of  anthracite  which  comes  to  the  New  England  market,  ranging 
all  the  way  from  14  to  24  per  cent  of  ash.  It  would  be  conserving 
some  of  our  natural  resources  if  that  24  per  cent  of  ash  could  be 
burned  at  all  efficiently.  If  the  ash  be  kept  down  to  18  per  cent, 
jjrobably  the  coal  is  a  good  proposition  in  a  plant,  either  burned  alone 
or  mixed  with  a  certain  portion  of  good  grade  of  bituminous  coal, 
but  if  it  comes  to  the  market  with  from  14  to  25  per  cent  of  ash 
there  should  surely  be  some  correction  for  this  variation  in  quality. 

In  reply  to  Mr.  Baker's  suggestion  that  the  steam  jet  be  used  in 
burning  low-grade  fuel,  Mr.  Barker  said  that  if  it  is  in  the  hands  of 
an  experienced  operator,  it  is  a  very  efficient  piece  of  apparatus,  by 
the  use  of  which  a  small  size  of  anthracite  may  be  burned.  He  had 
found  a  number  of  cases  where  the  steam  jet  was  a  very  dangerous 
thing  in  a  power  plant  on  account  of  the  improper  regulation. 

Professor  Carpenter  had  touched  on  the  question  of  the  variation 
of  ash  in  small  sizes  of  hard  coal  which  are  marketed.  It  is  rea- 
sonable to  suppose  that  some  penalty  should  be  inflicted  if  a  large 
percentage  of  ash  is  going  to  be  delivered  in  coal. 

Professor  Goss  had  spoken  in  regard  to  the  improvement  of  the 
product  along  the  lines  of  preparation.  The  seller  who  will  take 
care  to  pick  or  wash  his  coal  properly  will  receive  compensation 
accordingly.  A  mine  in  Pennsylvania  ran  about  1|  to  2|  per  cent 
higher  in  ash  than  an  adjacent  mine,  due  to  a  change  in  the  nature 
of  the  seam.  The  quality  of  the  miners'  work  compared  favorably 
with  their  neighbors',  and  in  order  to  reduce  their  ash,  a  picking 
table  was  put  in  and  improved  methods  of  mining  were  introduced, 
so  that  they  reduced  their  ash  2  to  3  per  cent,  which  put  them  on 
the  same  basis  as  their  neighbors  and  on  whatever  coal  they  were 
selling  on  specifications  they  were  obtaining  compensation  accord- 
ingly. 

President  Meier's  remarks  in  regard  to  the  analyses  of  fuels  are 
along  the  line  of  notations  in  the  paper  in  regard  to  the  character  of 
the  coal,  which  may  show  the  same  heat  value  and  the  same  per- 
centage of  ash  and  of  volatile  matter,  but  the  nature  of  this  last  should 
be  considered  as  well  as  the  amount.  The  same  ash  is  distributed  in 
the  relative  proportions  of  bases  and  acids  contained  in  that  ash, 
which  will  tend  to  produce  fusion  or  clinker. 


PRESSURE-RECORDlN(i  INDICATOR  FOR 
PUNCHING   MACHINERY 

By  Gardner  C.  Anthony,  Published  in  The  Journal  for  January 


ABSTRACT  OF  PAPER 

The  use  of  an  indicator  for  the  direct  recording  of  stresses  due  to  punching 
boiler  plates,  under  the  working  conditions  of  a  boiler  shop  punch,  is  believed 
to  be  new.  This  paper  is  largely  descriptive  of  a  device  for  obtaining  cards 
from  an  ordinary  indicator  applied  to  a  pressure  cylinder,  which  enables  the 
operator  to  obtain  results  as  easily  and  rapidly  as  is  done  in  indicating  an 
engine.  The  cards  illustrated  were  taken  under  the  above  conditions  and  also 
with  the  apparatus  applied  to  an  Olsen  testing  machine.  The  latter  was  for 
the  purpose  of  checking  certain  results  and  introducing  a  variety  of  conditions 
which  it  is  proposed  to  investigate. 

Although  the  number  of  tests  so  far  made  is  insufficient  for  conclusive  evi- 
dence, a  demonstration  has  been  made  of  the  efficiency  of  the  device  as  a  piece 
of  laboratory  apparatus  which  will  serve  admirably  for  determining  data  relat- 
ing to  the  following:  the  maximum  pressures  for  which  punching  machines 
should  be  designed,  the  point  of  maximum  stress  in  the  punching  of  plates  and 
other  material,  the  eflfect  on  the  maximum  stress  of  the  increase  of  clearance 
between  punch  and  die,  the  advantages  to  be  derived  from  the  use  of  shearing 
punches,  and  finally,  the  effect  of  time  on  the  flow  of  metal  in  punctured. 

ADDITION  TO   PAPER 

1 5  Since  the  publication  of  this  paper,  the  pressure-recording  device 
has  been  quite  thoroughly  tested  by  Messrs.  G.  E.  Couillard  and  W. 
M.  Edmonstone,  students  of  Tufts  College,  for  determining  the  max- 
imum stresses  produced  in  steel  plate,  its  shearing  value,  the  effect 
on  this  value  by  increasing  the  clearance  between  punch  and  die, 
and  the  relative  efficiency  of  various  types  of  punches. 

16  At  first  there  arose  the  question  of  the  error  due  to  the  irreg- 
ularity in  the  pressure  line  caused  by  the  viscosity  of  the  oil,  and  a 
series  of  calibrations  were  made  to  correct  the  errors  in  previous  exper- 
iments with  this  apparatus.     This  use  of  an  indicator  has  not  been 
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an  approved  one,  and  our  experiments  showed  too  great  an  irregu- 
larity in  the  pencil  movement  because  of  the  slow  motion  of  the  punch 
in  the  testing  machine.  It  was  then  discovered  that  a  continued 
tapping  of  the  indicator  cylinder  during  the  process  of  punching  elim- 
inated this  error  most  completely,  leaving  us  a  constant  for  the  vari- 
ation in  the  spring  during  the  upward  movement  and  another  con- 
stant for  the  downward  movement.  As  these  calibrations  were  made 
several  times  during  the  punching  tests,  any  slight  variation  due  to 
the  differences  between  old  and  new  oil  was  noted.  There  were 
such  differences,  although  but  slight.  With  reasonable  care  in  cali- 
bration, which  in  a  series  of  tests  is  very  quickly  made,  I  believe  that 
the  error  due  to  the  indicator  should  not  be  greater  than  2  per  cent, 
and  this  is  less  than  the  observed  reading  on  the  beam  of  the  testing 
machine. 

17  Another  check  was  applied  by  connecting  a  2000-lb.  gage  with 
the  oil  space.  This  served  for  calibration  as  well  as  for  the  reading 
of  maximum  pressures. 

18  A  600-lb.  spring  was  used  for  all  tests,  having  a  maximum 
pressure  of  1220  lb.  to  the  square  inch  and  equivalent  to  a  pressure 
of  61,000  lb.  on  the  punch. 

19  The  series  of  tests  alluded  to  were  made  on  mild  steel  plate 
of  60,000  lb.  tensile  strength,  having  an  elastic  limit  of  about  37,000 
lb.  Plates  of  I,  y6>  f >  le";  h  and  f  in.  were  used  and  punches  of  ^, 
f,  and  f  in.  nominal  diameter,  variations  in  these  sizes  being  made 
to  obtain  clearances  between  punch  and  die  diameter  of  0.015, 
0.030,  0.060. 

20  Observations  on  the  shearing  stress  per  square  inch,  using 
the  minimum  clearance  between  die  and  punch,  and  figuring  the 
shearing  area  as  the  circumference  of  the  die,  multiplied  by  thick- 
ness of  plate,  showed  a  remarkable  difference  between  the  l-in.  plate 
and  all  thicker  plates,  the  former  having  a  shearing  value  of  59,800 
while  the  j^  to  |  plate  averaged  but  45,800.  All  curves  drawn  of 
the  stresses  showed  great  regularity  from  Ye  in.  to  f  in.  thickness, 
but  the  ratio  between  j  and  3^  being  in  all  cases  much  greater. 

21  The  reduction  in  the  maximum  pressure  due  to  increasing 
the  clearance  between  punch  and  die  proved  very  interesting.  Assum- 
ing the  |-in.  flat  punch  with  minimum  clearance,  0.015  as  the  base, 
the  punching  pressure  was  reduced  7|  per  cent  by  doubling  this 
clearance  and  15  per  cent  by  quadrupling  this  clearance.  This  per- 
centage was  much  less  with  larger  punches. 

22  Three  classes  of  shearing  punches  were  used,  the  spiral,  an 
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outside  bevel,  and  an  inside  bevel,  and  comparative  tests  were  made 
between  these  and  a  flat  punch  in  the  punching  of  nearly  500  holes. 
On  the  j-in.  plate  the  decrease  in  pressure  by  the  use  of  a  shearing 
punch  varied  from  6  per  cent  with  minimum  clearance  to  less  than  2 
per  cent  with  maximum  clearance.  On  plates  thicker  than  |-in. 
there  was  an  increase  in  the  shearing  pressure  w^hich  in  some  cases 
was  as  great  as  34  per  cent.  Besides  this,  the  difficulties  of  stripping 
the  plate  were  greatly  increased. 

23  Although  the  device  in  question  does  not  afford  us  an  oppor- 
tunity for  dfiriving  stripping  values,  we  have  made  some  observations 
on  this  subject,  and  although  very  incomplete,  it  is  of  interest  to 
note  that  the  force  required  to  strip  a  §-in.  plate  from  a  |-in.  punch 
varied  from  800  lb.  to  5  tons,  the  latter  value  being  with  a  shearing 
punch  and  maximum  clearance. 

DISCUSSION 

R.  C.  Carpenter  said  that  although  the  paper  referred  to  the 
hydraulic  indicator,  it  seemed  to  be  an  ordinary  steam  indicator  of 
a  well-known  type,  and  the  author  did  not  state  what  means  were 
taken  to  prevent  leakage  in  the  indicator,  and  the  consequent  reduc- 
tion of  pressure.  The  drawings  indicate  that  the  volume  of  the  fluid 
which  acts  on  the  indicator  is  very  limited,  and  any  leakage  would 
materially  affect  the  results.  It  is  a  well-known  fact  that  indicators 
used  under  such  conditions  are  very  likely  to  leak  or  to  stick,  and 
either  condition  would  have  quite  a  serious  effect. 

Julian  Kennedy  believed  that  if  the  die  on  which  the  punching 
was  done  were  mounted  on  a  steel  bar  of  suitable  length  and  fitted 
with  a  multipljang  apparatus  for  measuring  the  deflection  of  the 
spring,  making  a  total  travel  of  about  |  in.  under  the  heaviest  pres- 
sure, it  would  be  possible  to  obtain  more  accurate  results  than  with  a 
hydraulic  piston.  There  is  no  other  means  of  measuring  strains  so 
accurate  as  a  tempered  steel  spring  with  exact  means  for  measuring 
its  deflection. 

The  Author.  As  regards  the  leakage  to  which  Professor  Carpen- 
ter refers,  it  has  already  been  stated  that  the  amount  is  so  small  that 
pressure  has  been  maintained  for  a  period  of  eight  minutes,  as  shown 
by  card  No.  40,  Fig.  5. 

An  indicator  spring  operating  under  such  conditions  will,  of  course, 
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record  a  lower  pressure  than  when  operated  rapidly,  and  must  be 
calibrated  for  this  speed  and  the  fluid  used.  Irregularities  which 
at  first  were  caused  by  the  sticking  of  the  piston  were  almost  entirely 
eliminated  by  the  continued  tapping  of  the  indicator  cylinder,  thus 
enabling  us  to  obtain  a  very  great  degree  of  precision. 

A  Crosby  indicator  was  used,  of  the  type  catalogued  as  a  hydraulic 
indicator.  We  have  since  checked  these  results  by  using  a  Crosby 
hydraulic  press  recording  gage  in  which  all  leakage  was  eliminated, 
and  the  results  from  the  latter  did  not  differ  from  the  former. 

In  using  the  pressure  indicator  on  a  punching  machine,  for  which 
it  was  designed,  the  rapidity  of  the  operation  suggested  the  use  of  an 
indicator  rather  than  a  recording  gage. 


MILLING  CUTTERS  AND  THEIR  EFFICIENCY 

By  a.  L.  DeLeeuw,  Published  in  The  Journal  for  April 

ABSTRACT  OF  PAPER 

Observations  of  present  day  practice  and  a  number  of  experiments  point  to 
the  fact  that  better  results  can  be  had  from  milling  cutters  by  increasing  the 
tooth  space  and  depth.  A  number  of  cutters  constructed  along  these  lines  were 
tested  and  it  was  found  that  they  have  a  number  of  points  in  their  favor,  among 
which  are  less  consumption  of  power,  a  greater  amount  of  work  done  for  one 
sharpening  and  a  greater  number  of  possible  sharpenings  per  cutter.  A  change 
in  the  form  of  chip  breaker  made  it  possible  to  use  cutters  with  chip  breakers  for 
finishing,  as  well  as  for  roughing.  It  was  further  found  advisable  to  use  a  special 
kind  of  key,  here  described,  for  heavy  work.  Finally,  this  paper  describes  a 
new  style  of  face  mill  and  what  is  called  a  helical  mill. 

A  number  of  diagrams  are  presented  showing  the  relative  efficiency  of  differ- 
ent styles  of  mills  for  removing  a  given  amount  of  metal.  In  general,  attention 
is  called  to  the  possibilities  which  lie  in  a  more  scientific  construction  of  milling 
cutters  and  the  desirability  of  discarding  our  ideas  of  milling  cutters,  which  are 
largely  based  on  conditions  no  longer  existing. 

DISCUSSION 

John  Parker.  Much  study  and  many  years  of  actual  experience 
have  been  involved  in  the  design  of  cutters  as  made  today,  and  any 
type  of  cutter  that  possesses  any  one  quality  to  such  an  abnormal 
extent  that  its  other  attributes  are  made  less  efficient  cannot  be 
accepted  as  the  ideal  cutter  for  general  use. 

The  type  of  cutter  Mr.  DeLeeuw  has  introduced  has  undoubtedly 
the  merit  of  consuming  less  power  than  the  regular  cutter,  as  shown 
by  his  tests  and  confirmed  to  a  large  extent  by  a  number  of  compar- 
ative tests  made  at  the  works  of  the  Brown  and  Sharpe  Manufactur- 
ing Company.  This  distinctive  quality  is  of  interest  and  gives  the 
cutter  a  value  which  would  be  greater  were  it  not  that  while  for  the 
heavier  class  of  milling  machines  the  new  cutter  proved  entirely  capa- 
ble, on  the  lighter  class  satisfactory  results  were  not  obtainable. 
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It  is  evident  that  the  new  cutter,  having  so  few  teeth,  produces 
a  hammering  action  on  tlie  work  greater  than  that  of  the  standard 
cutter,  because  there  are  not  sufficient  teeth  in  contact  to  steady  the 
action;  and,  unless  the  machine  has  the  rigidity  and  massiveness  pos- 
sessed by  the  heavier  class  of  machines  to  withstand  this  pounding 
effect,  the  smooth  action,  so  essential  to  good  mihing  practice,  is  not 
obtained.  This  undesirable  feature  was  very  noticeable  on  a  No.  2 
Universal  milling  machine,  which  is  essentially  a  tool-room  machine 
and  necessarily  of  a  light  character  to  enable  it  to  be  handled  quickly 
and  easily.  The  pounding  was  so  severe  that  the  tests  had  to  be  sud- 
denly terminated,  owing  to  the  abusive  action  to  which  the  machine 
was  subjected.  In  another  machine,  somewhat  heavier  than  the  one 
referred  'lO,  work,  when  using  the  ordinary  cutters,  could  be  held  in 
a  vise  clamped  in  the  usual  way;  but,  with  the  new  cutters  it  would  be 
pushed  bodily  out  of  the  vise,  and  auxiliary  means  had  to  be  provided 
to  hold  it  in  place.  This  would  indicate  that  the  new  cutters  would 
not  be  suitable  for  that  class  of  work,  when,  for  some  reason  it  could 
not  be  so  firmly  secured  as  desired,  or  when  great  care  would  have  to 
be  exercised  in  clamping  down  work  to  the  fixture  or  machine  table, 
to  prevent  springing. 

Comparative  tests  were  made  between  the  special  and  the  standard 
milling  cutters,  in  both  cast  iron  and  steel,  on  the  No.  5  Brown  and 
Sharpe  plain  milling  machine.  The  machine  was  motor-driven  and 
was  connected  to  a  Westinghouse  graphic  meter  for  recording  the 
tests.  This  is  i^robably  one  of  the  best  existing  methods  for  making 
comparative  tests.  The  cutters  used  were  3f  in.  in  diameter,  12 
deg.  spiral,  right-  and  left-hand.  The  special  cutters  had  9  teeth,  and 
the  standard  16.  These  tests  showed  that,  in  removing  24  cu.  in.  of 
cast  iron  per  minute,  the  new  cutters  consumed  20  per  cent  less  power 
than  the  standard  cutters,  15  per  cent  in  removing  15  cu.  in.,  and  14 
per  cent  in  removing  12  cu.  in.  of  machinery  steel.  As  regards  the 
smoothness  of  action,  there  was  very  little  difference  noted  between 
the  two  types;  both  were  very  good.  A  finishing  cut  was  taken  with 
each  cutter  in  both  cast  iron  and  steel ;  all  the  surfaces  were  excellent, 
the  standard  cutter  having  a  trifle  better  finish. 

Comparative  tests  were  made  on  the  No.  3  Brown  and  Sharpe  plain 
milling  machine  with  both  the  new  and  the  regular  type  end  mills, 
of  the  following  diameters  and  number  of  teeth:  1  in.,  4  and  10;  1^ 
in.,  6  and  12;  and  2  in.,  8  and  14.  In  all  (^ases  the  end  mills  with  the 
small  number  of  teeth  consumed  less  power  in  both  cast  iron  and  steel. 
The  gain  in  cast  iron  was  19  per  cent  for  the  1  hi.  diameter,  16  percent 
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for  the  I5  in.  diameter,  and  18  per  cent  for  the  2  hx.  diameter;  and  in 
steel,  14  per  cent  for  the  1  in.  diameter,  12  per  cent  for  the  1^  in.  diam- 
eier,  and  9  per  cent  for  the  2  in.  diameter.  In  these  tests  it  was 
found  that  the  new  style  mill  had  a  tendency  to  work  loose,  notwith- 
standing that  the  hand  of  the  spiral  in  relation  to  the  rotation  of  the 
mill,  had  the  effect  of  pushing  it  in  towards  the  spindle.  This  trouble 
was  undoubtedly  caused  by  the  fact  that  the  mills  had  so  few  teeth 
that  the  work  imposed  upon  each  tooth  was  sufficient  to  produce  a 
pounding  effect  which  jarred  the  mill  loose.  It  is  only  fair  to  say  that 
the  cuts  taken  were  far  beyond  what  would  be  used  in  ordinary  prac- 
tice, and  that  possibly  under  ordinary  working  conditions  no  bad 
effect  might  result.  However  this  may  be,  this  point  would  have  to 
be  carefully  tried  out  before  this  type  of  cutter  could  be  accepted 
in  place  of  the  regular,  which  developed  no  such  trouble. 

In  making  the  tests  on  the  No.  5  plain  milling  machine  with  the 
milling  cutters,  the  point  regarding  lack  of  chip  room  that  Mr. 
DeLeeuw  emphasizes  was  closely  watched  in  the  standard  cutters,  and, 
although  the  chip  taken  was  far  in  excess  of  what  would  be  demanded 
in  ordinary  practice,  namely,  A  in.  deep  and  10  in.  feed  per  minute, 
there  was  apparently  sufl&cient  space,  as  not  the  slightest  sign  of  clog- 
ging was  in  evidence. 

For  some  time  past,  stock  face  milling  cutters  have  been  made 
with  the  teeth  set  at  an  angle,  both  on  the  face  and  periphery,  whereas 
the  older  type  had  radial  teeth,  both  on  the  face  and  periphery; 
in  both  cases  the  pitch  of  teeth  approximates  1|  in.  As  a  matter  of 
interest,  comparative  tests  were  made.  The  results  were,  with  the 
new  type,  a  saving  of  12  per  cent  of  power  in  cast  iron,  and  a  gain  of 
6  per  cent  in  favor  of  the  old  type  in  steel.  This  latter  was  somewhat 
surprising;  and,  were  it  not  for  the  very  careful  manner  in  which  these 
comparative  tests  were  made  and  recorded,  the  result  might  be  ques- 
tioned. 

A  test  was  made  in  steel  with  the  new  and  old  side  milling  cutters, 
4  in.  diameter,  14  and  28  teeth  respectively.  One  pair  of  each  was 
used.  A  gain  in  power  of  20  per  cent  in  favor  of  the  new  was  obtained . 
In  this  test  the  cutters  with  the  less  number  of  teeth  cut  the  easier 
and  the  work  had  a  better  finish. 

In  briefly  summing  up  the  situation,  I  believe  Mr.  DeLeeuw  has 
developed  an  interesting  type  of  cutter  which  possesses  to  a  marked 
degree  a  valuable  attribute,  that  of  saving  power;  and,  in  certain 
classes  of  work,  such  as  heavy  manufacturing  milling,  it  will  doubtless 
find  a  field  to  whii^h  its  characteristics  are  most  suitable.     But,  in 
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view  of  the  knowledge  gained  by  the  comparative  tests  made,  I  doubt 
very  much  whether  it  will  be  as  successful  a  cutter  for  general 
purposes  as  its  predecessors. 

A.  F.  Murray.     The  results  of  Mr.  DeLeeuw's  experiments  are 
in  accordance  with  theories  which  I  have  been  advocating  for  several 


Fig,  10    Two  16-in.  Cutteu  Heads  at  Work 


years.  At  the  Blake  and  Knowles  Steam  Pump  Works  we  are  con- 
tinually recutting  old  milling  cutters  for  our  manufacturing  depart- 
ments, and  invariably  reduce  the  number  of  teeth  about  half,  setting 
the  mill  deep  enough  to  cut  out  completely  every  other  tooth.  In 
most  cases  we  have  done  this  with  standard  bevel  cutters  for  milling 
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the  teeth.  We  are  now  glad  to  avail  ourselves  of  the  results  of  Mr. 
DeLeeuw's  experiments  as  to  changes  in  these  cutting  angles  for  end 
and  spiral  mills. 

We  have  an  equipment  of  the  high  power  face  mills,  shown  in  Fig. 
16,  and  we  have  recently  had  some  new  high-duty  16-in.  and  20-in. 
face  mills  made  for  a  heavy  4-spindle  milling  machine.  Fig.  40 
shows  the  two  16-in.  cutter  heads  at  work  with  the  two  20-in.  cutter 
heads  standing  alongside  the  machine.  An  old  pattern  12-in.  cutter 
head  is  shown  on  the  horizontal  spindle. 

The  method  of  attaching  these  cutters  to  the  spindle  is  worth  not- 
ing.    The  spindle  has  a  taper  hole  in  which  is  fitted  a  short  arbor 


U-  -.900"  ->1 
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Fig.  42    Cutter  used  on  Heavy  Type  Lincoln  Milling  Machine 


3  in.  in  diameter  used  only  for  centering  the  cutter.  The  spindle 
also  has  a  flanged  end  7  in.  in  diameter  and  a  key  1  in.  wide  perma- 
nently dovetailed  across  its  face.  The  flange  is  also  tapped  for  four 
f-in.  bolts  which  hold  the  cutter  firmly  and  squarely  against  the  face 
of  the  spindle  but  do  not  assist  in  driving,  as  they  go  through  clearance 
holes  in  the  cutter  head.  This  holding  means  was  suggested  by  one 
of  the  cutter  manufacturers  and  adopted  after  a  careful  trial  of  the 
cutters  screwed  on  the  end  of  the  spindle  and  several  arrangements 
with  drawback  bolts  and  with  both  face  and  longitudinal  keys.     Fig. 
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41  shows  the  construction  of  these  cutters.  It  will  be  noted  that 
the  bodies  are  shaped  like  tlie  frustum  of  a  cone  with  the  blades 
pitchetl  back  at  an  angle  of  10  deg.  and  projecting  beyond  the  rear  of 
the  body  as  much  as  the  desigia  permits.  In  this  way  long  life  of 
cutter  blades  is  secured  -with  a  mininnnn  amount  of  grinding.  The 
other  clearance  angles,  it  will  be  noted,  are  practically  the  same  as 
in  Fig,  16.  Instead  of  three  settings  in  grinding  required  for  corner- 
ing the  blade,  we  have  obtained  good  results  with  two  settings  as 
sho^\^l  in  detail  in  Fig.  41. 

It  is  our  intention  to  construct  experimental  cutters  with  coarser 
pitch  of  blades  than  those  we  have  at  present  (2|  in.  and  3  in.  circu- 
lar pitch  instead  of  2|  in.),  as  we  do  not  believe  we  have  reached 
the  limit  in  this  direction. 

Referring  to  Mr.  DeLeeuw's  remarks  on  end  mills,  results  obtained 
in  a  splining  machine  recently  put  on  the  market,  by  the  use  of  fish- 
tail cutters  running  at  high  speed  with  ample  lubrication,  have  served 


Fig.  43 


-ili: 


Showing  Cutter  with  Opposite  Corners  of  Alternate  Teeth 
Removed 


to  indicate  that  a  reduction  in  the  number  of  teeth  of  end  mills  was 
desirable.  We  have  recently  put  into  use  several  3-in.  and  4-in. 
inserted  blade  end  mills  with  6  and  8  teeth  respectively,  the  blades 
being  constructed  of  f  by  1 1^  in.  high-speed  steel,  raked  in  the  same 
manner  as  the  larger  face  mills  shown  in  Fig.  16. 

Saws,  slotting  and  side  mills,  as  ordinarily  made,  have  too  many 
teeth.  It  is  my  opinion  that  a  large  proportion  of  the  success  ob- 
tained by  the  use  of  inserted  tooth  mills  for  this  purpose  has  been  due 
to  the  enforced  reduction  in  the  number  of  teeth.  Several  years 
ago,  while  connected  with  a  small  arms  factory,  I  assisted  in  some 
experiments  which  were  made  for  increasing  the  production  of  a  very 
heavy  slotting  operation  in  which  a  7-in.  cutter,  0.900  in.  wide  with 
a  Ij  in.  hole,  buried  itself  to  the  hub  in  a  steel  forging  set  at  an  angle 
of  45  deg.  The  operation  was  performed  on  a  heavy  type  of  Lincoln 
milling  machine.  The  first  cutter  employed  was  a  high-speed  side 
mill  of  regular  pattern,  which  gave  very  unsatisfactory  results  and 
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stalled  the  machine  with  light  feed,  choking  with  chips,  although  the 
cut  was  flushed  with  a  heavy  stream  of  soda  water.  Some  one  sug- 
gested the  cutter  sho\^^l  in  Fig.  42  which  practically  doubled  the  pro- 
duction, but  the  output  was  still  below  requirements.  Opposite 
corners  of  alternate  teeth  were  then  removed,  as  shown  in  Fig.  43. 
This  slight  change  enabled  us  to  feed  from  1  to  1|  in.  a  minute  as 
against  about  f  in.  with  the  cutter  (Fig.  42)  and  about  |  in.  with  the 
standard  form  of  side  milling  cutter. 

About  two  years  ago  I  repeated  this  experiment  with  an  inserted 
tooth  side  milling  cutter  10  in.  in  diameter,  1|  in.  face,  2  in.  hole. 
The  pitch  of  the  blades  was  about  the  same  as  that  shown  in  Fig.  17 
(being  a  side  mill  the  blades  were  set  in  parallel  to  the  axis),  approx- 
imately 1  in.  circular  pitch.  This  cuvter  was  being  used  to  mill  a 
slot  3|  in.  deep  by  If  in.  wide  in  U.  S.  Navy  Class  A  steel  forgings, 
having  a  tensile  strength  of  80,000  lb.  per  sq.  in. 

The  cutter,  as  furnished  by  the  manufacturer  for  straddle  mill- 
ing work,  was  unable  to  cut  through  this  material  more  than  f  in. 
per  min.  and  the  machine  could  be  heard  all  over  the  room.  This 
recalled  to  my  mind  the  former  experience  above  referred  to  and  alter- 
nate corners  of  the  inserted  blades  were  ground  off  at  an  angle  of  15 
deg.,  re  in.  beyond  the  center,  and  they  were  sufficiently  offset  to 
enable  the  If  in.  cutter  to  machine  the  If  in.  slot  to  size  at  only  one 
cut.  This  change  increased  the  feed  possible  from  f  in.  up  to  1| 
in.  per  min.  and  gave  200  per  cent  increase  in  efficiency  by  making 
the  chip  three  times  as  thick  and  half  as  wide  as  at  first  and  pro- 
viding additional  chip  clearance.  It  is  believed  that  some  of  the  side 
mills  shown  in  Figs.  14A  and  B  and  Fig.  15  would  be  improved  by  the 
adoption  of  this  staggered  tooth  when  used  for  cutting  slots. 

The  practice  above  referred  to  has  been  used  quite  frequently  in 
connection  with  small  tee-slotting  cutters,  but  I  have  never  seen  it 
used  elsewhere  on  the  larger  types  of  slotting  cutters. 

W.  S.  HusoN.  From  the  point  of  view  of  product,  the  operation  of 
cutters  is  paradoxical.  In  a  gear-cutting  machine,  we  have  not  been 
able  to  get  the  same  results  with  the  wide-spaced  edges  of  the  stand- 
ard cutter  of  today  as  Avith  cutters  having  several  times  as  many  cut- 
ting edges.  Gear  teeth  are  smoother  and  run  better,  though  the  cut- 
ter is  much  more  expensive  to  maintain.  Even  after  all  the  investi- 
gation by  prominent  cutter  people,  the  larger  number  of  teeth  in  a 
milling  cutter  gives  better  gears. 
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We  get  better  results  in  surface  milling  from  wide-spaced  cutting 
edges  than  from  the  usual  close-spaced.  We  have  found  in  testing 
work  milled  with  cutters  having  many  teeth  that  when  the  cut  was 
finished,  say  at  3  p.m.,  and  tried  with  straight  edge  and  gages,  it 
was  right,  while  the  next  morning  it  was  out.  There  are  two  causes 
for  this:  the  peening  effect  of  the  cutter,  and  another  which  I  think 
is  not  fully  considered,  but  which  I  believe  is  borne  out  by  experience, 
namely,  that  the  teeth  of  a  milling  cutter  punch  or  force  little  particles 
of  cutting  dust  into  the  interstices  or  pores  of  the  iron,  which  finally 
respond  to  the  force  exerted  on  them,  and  throw  the  work  out  of 
alig-nment.  A  cutter  with  fewer  cutting  edges  for  surface  milling 
does  not  give  a  bright  finish,  but  the  product  requires  less  subsequent 
filing  and  fitting.  It  is  for  this  reason  that  the  question  of  milling 
cutters  is  paradoxical,  for  in  the  case  of  gear  cutters  with  many  cut- 
ting edges  we  get  a  smoother  gear  tooth,  whereas  in  surface  milling 
we  get  a  truer  surface  with  fewer  edges. 

I  agree  with  the  paper  that  in  surface  milling  the  fewer  cutting 
edges,  the  more  chip  clearance,  and  hence  the  more  permanent,  if 
not  quite  so  smooth,  work  will  give  better  final  results  than  cutters 
wich  close-spaced  edges.  The  amount  of  power  consumed  is  of  little 
importance  in  the  final  cost,  if  as  a  result  of  rapid  machine  output, 
manual  labor  must  be  used  to  make  the  work  acceptable. 

The  Author.  In  a  general  way,  the  results  of  Mr.  Parker's  ex- 
periments are  in  line  with  mine  and  perhaps  the  greatest  difference 
between  them  is  a  matter  of  amount.  The  difference  between  the 
power  consumed  with  the  old  and  new  style  cutters  I  found  to  be 
greater  than  that  obtained  by  Mr.  Parker,  and  further  experiments 
which  I  have  made  since  writing  this  paper  show  even  greater  differ- 
ences than  were  found  at  first,  due  to  the  fact  that  they  were  made 
with  cutters  with  a  wider  spacing  of  the  teeth. 

As  to  the  hammering  effect  produced  by  the  wide-spaced  cutter, 
I  found  this  to  exist  only  with  roughing  cuts  of  very  moderate  depth 
and  it  was  overcome  entirely  by  making  the  spiral  steeper  than  10 
deg.  Experiments  carried  out  with  cutters  with  20-deg.  spiral  were 
entirely  successful  and  it  was  found  impossible  to  produce  a  set  of 
conditions  in  which  this  cutter  would  cause  hammering.  At  the  same 
time,  the  end  thrust  was  so  slight,  that  its  effect  could  not  be  noticed. 

Mr.  Parker's  method  of  using  a  Westinghouse  graphic  meter  for 
recording  the  tests  raises  doubts  in  my  mind  as  to  whether  it  is  pos- 
sible to  get  a  simultaneous  reading  of  power  consumed  and  speed  of 
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machine,  though,  of  course,  I  have  no  reason  to  doubt  that  Mr.  Parker 
has  taken  care  of  this  feature  in  some  way.  If  so,  it  would  be  inter- 
esting to  know  in  detail  his  method  of  testing. 

The  results  of  his  tests  of  wide  and  narrow  spaced  face  mills,  (the 
wide  spaced  mills  having  double  rake),  are  widely  at  variance  with  my 
results;  and  if  I  had  not  repeated  carefully  these  tests  a  great  num- 
ber of  times,  I  might  be  tempted  to  repeat  them  again.  It  is  probable 
that  there  are  some  essential  constructive  differences  between  the 
cutters  used  by  Mr.  Parker  and  by  myself,  which  may  explain  this 
great  difference  in  results. 

The  only  thing  I  want  to  add  to  Mr.  Murray's  remark  is  that  there 
seem  to  be  some  points  in  the  construction  of  this  cutter  which  I  would 
consider  improvements,  especially  the  cutting  away  of  one  side  of 
the  alternate  teeth. 

In  regard  to  Mr.  Huson's  remark  that  "the  amount  of  power  con- 
sumed is  of  little  importance  in  the  final  cost,  if  as  a  result  of  rapid 
machine  output,  manual  labor  must  be  used  to  make  the  work  accep- 
table," I  would  not  wish  anyone  to  think  that  I  have  advocated 
rapid  removal  of  metal  at  the  expense  of  finish,  nor  that  these  new 
cutters  produce  such  an  undesirable  result.  On  the  contrary,  I 
found  less  disturbance  of  flatness  and  straightness,  on  account  of 
pressure  and  heat.  Another  angle  of  this  question  is  that  it  is  not 
so  desirable  to  use  less  power  because  power  costs  money,  but  because 
all  power  used  which  is  not  needed  directly  for  separating  the  chip 
from  the  work,  is  power  used  to  dull  or  break  cutters,  to  distort  work 
and  to  wear  or  ruin  the  machine,  and  if  I  would  get  a  bonus  for  every 
horsepower  used  on  machine  tools,  I  would  still  aim  to  make  the 
machines  in  the  shop  do  their  work  with  the  smallest  possible  amount 
of  power. 


ENERGY  AND  PRESSURE  DROP  IN  COMPOUND 
STEAM  TURBINES 

By  Forrest  E.  Cardullo,  Published  in  The  Journal  for  February 

ABSTRACT  OF  PAPER 

It  is  customary  to  design  multi-stage  impulse  turbines  on  the  assumption 
that  the  entropy  of  the  steam  remains  constant.  The  effect  of  fluid  friction 
is  to  increase  the  total  heat  and  the  entropy  of  the  steam  as  it  flows 
through  the  turbine,  and  to  increase  unduly  the  proportion  of  the  power 
developed  in  the  later  stages.  An  empirical  formula  is  proposed  for  esti- 
mating the  quantit}^  of  power  developed  in  each  stage  of  such  a  turbine. 
This  equation  is  modified  so  that  by  its  aid  the  proper  pressure  drop  in 
each  stage  may  be  determined.  A  graphical  solution  of  the  problem  is  also 
developed.  The  methods  outlined  are  applicable  to  the  solution  of  prob- 
lems in  turbine  design  when  a  temperature-entropy  table  or  a  total  heat- 
entropy  diagram  is  used. 

DISCUSSION 

W.  H.  Herschel  (written).  Referring  to  Fig.  1  the  total  avail- 
able heat  is  not  AB  =  AH,  but  AB',  and  it  is  the  main  object  of  the 
paper  to  determine  the  value  of  AB'.  The  method  is  based  upon  tnat 
of  Professor  Peabody,  and  differs  from  it  in  leaving  out  all  consider- 
ation of  temperature  so  as  to  permit  the  use  of  the  Marks  and  Davis 
entropy  diagram.  We  are  therefore  concerned  only  in  proving 
whether  the  accuracy  of  the  method  is  as  great  as  that  attainable  in 
the  customary  use  of  the  diagram. 

The  proposed  graphical  method  is  open  to  the  objection  that  the 
long  line  BB'  must  be  drawn  parallel  to  the  much  shorter  line  pi'. 
This  cause  of  inaccuracy  may  be  removed  by  computing  and  laying 
off  the  length  AB',  and  then  drawing  qq'  parallel  to  BB'.  To  serve 
as  a  check  qq'  should  also  be  parallel  to  pi'. 

AB^AI 

From  the  graphical  construction  AB' =    ,    .  .  ,p  where  AM  =  AB 
^    ^  Ap^AM 

+  (us  -\-  dg  —  tv).     The  quantity  in  parenthesis  is  the  sum  of  the 

intercepts  between  the  lines  EF  and  AB,  ordinates  above  AB  being 
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plus,  and  those  below  AB,  minus,  all  these  ordinates  being  propor- 
tional CO  their  distances  from  0. 
nAB 


od  -{-  OS  -{-  {  —  ot)  = 


(n-^)  Ap  -  (n-lh)pq  -  (n-2|)  Bq 


To  make  this  equation  more  general,   we  may  designate  the  seg- 
ments of  the  line  AB  by  the  symbols  *Si,  S2,  etc.,  and  then 

(Ki  +  08+  (-0^)=  — -  -  {n-^)S,-  (n  -  n)S2 [n-  (n-i)]*S„ 


us-\-  dg  —  tv  = 


[od  +  os—ot]  AE 


2 


nnd  finally 


AB' 


AM 


AH 


od  -\-  OS  —  ot 


-^AB 


2  (AC)  Si 


AC 


Si 


nAH 


[1] 


AH- 


-(n-l)Si-{n-WS,.  .  .  .[n-in-l)]S, 
2{AC)  Si 


Equation  [Ij  looks  somewhat  formidable,  but  is  in  reality  simple  to 
use,  since  it  contains  only  n,  the  number  of  parts  into  which  A^  is 
divided,  the  lengths  of  each  of  these  parts,  and  a  constant  AC 
=  0.00056  (AH^)  (l-E),  where  E  is  what  Professor  Peabody  calls 
the  overall  internal  heat  factor.  If  AB  is  divided  into  equal  parts, 
AB'  =  nAI  =  nhi. 

According  to  the  proposed  modification  of  Professor  Peabody 's 
method 


hi  = 


AH 


1  -1-  0.00056  (1  -  E)  AH  r'    ~A 


and 


h,  -h2=  ^^v' 0-00056  (1  -  E) 


Referring  to  Fig.  2,  we  will  call  B2  the  point  where  the  perperdicular 
dropped  from  the  point  B,  intersects  the  line  of  constant  pressure  P3. 
If  the  power  to  be  developed  in  each  stage  is  the  same,  hi  =  AH^ 
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=  BB2.  Because  it  is  fairly  obvious  that  the  method  under  consider- 
ation does  not  apply  to  the  superheated  steam  part  of  the  diagram, 
and  because  it  is  customary  to  design  turbines  for  dry  steam,  I  shall 
confine  my  attention  to  the  part  of  the  diagram  below  the  saturation 
curve,  where  the  pressure  lines  are  substantially  straight.  Let  Gi 
=  the  argle  between  the  line  BH2.  and  the  vertical  AH-^.     Then  in 

order  that  AH2.  shall  equal  BB2,  t    ^^  ,    /,      l.s   =  rate  of  divergence 

tan  9i«i  {l—E)  * 

of  lines  P2  and  P3  in  the  horizontal  distance  between  the  verticals 

Ni  and  N^. 

^^"^^'0.00056  (1  -  E) 


tan  Gi   I—     1  +  0.00056  {I  -  ^)  ^H  {^ — ^  j     |  (1  -  ^) 


2  AH  0.00056  cot  Gi 


I  1  +  (  '^^  j  0.00056  AH{1-E) 


It  should  be  noted  that  the  horizontal  distance  between  A^i  and  A'2 
must  not  be  measured  in  the  scale  of  entropy,  but  in  the  scale  of  H, 

1  in.  =  50  B.t.u.     But  if  02  is  the  angle  between  the  lines  A'^i  and  P3, 
then  the  rate  of  di verger ce  of  lines  P2  and  Pz  is  equal  to  cot  9i  —  cot 

02  and  we  have 

,  „  2  AH  0.00056  cot  0i  r.., 

cot   01  —    cot   02    =— r -7 ^  •  ••UJ 

1  +  (^  ~  ■^j  0.00056  AH  (I  -  E) 

The  rate  of  divergence  is  thus  seen  to  depend  on  the  quantities 
AH,  E,  n,  and  tan  0i,  and  under  ordinary  conditions  their  variation 
will  be  about  as  follows: 

AH  from  350  to  140  B.t.u. 
E  from  0.50  to  0.70 

n  from  2  to  25  to  include  the  Rateau  type,  but  not  the  single-stage  De 
Laval 

61  from  55  cleg,  at  200  lb.  to  65  deg.  at  1  lb. 
cot  e,  from  0.700  to  0.466 

Equation  [2]  will  give  a  maximum  value  when  cot  0i  =  0.700;  w  =  2; 
AH  =  350  and  E  =  0.70;  and  a  mimmum  value  when  cot  0i  =  0.466; 
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n  =  25;  AH  =  140  and  E  =  0.50.  This  gives  for  tlie  maximum 
divergence  in  8  in.  horizontal  length,  53.4  B.t.u.  and  for  the  mininmm 
divergence  for  the  same  difference  of  entropy,  1.13  B.t.u. 

If  we  restrict  the  formula  to  land  Curtis  turbines,  n  would  not 
have  a  maximum  value  above  6  (the  highest  number  of  stages  men- 
tioned by  the  author),  and  the  minimum  divergence  would  become 
4.72.  If  we  leave  out  low-pressure  and  non-condensing  machines, 
AH  would  not  be  less  than  250  and  the  minimum  divergence  would 
be  8.56.  I  have  thu^  far  treated,  AH,  E,  n  and  cot  9i,  as  independent 
variables,  follo"\\ang  the  example  of  the  author  who  assumes  the  same 
efficiency  for  a  t\\'0-stage  as  for  a  six-stage  turbine  with  the  same  value 

A77 

of  AH.     However  as  E  depends  upon  bucket  speed  as  well  as  on  — - 

n 

and  as  the  backet  speeds  are  not  given,  we  may  assume  that  with 

suitable  speeds  and  tjrpes  of  machines,  the  two  turbines  might  have 

the  same  efficiency. 

Professor  Peabody  applies  his  method  to  a  somewhat  wider  range 
of  conditions  than  does  the  author,  but  in  order  that  the  latter  may 
not  make  the  objection  that  I  attempt  to  apply  it  to  conditions  for 
which  it  was  not  intended,  I  shall  confine  myself  to  the  two  cases 
which  he  has  himself  given,  where  AH  =  322.2  and  E  =  0.60  in  both 
cases  and  n=  2  and  6. 

Where  n  =  6,  6i  varies  from  58  deg.  to  64  deg.  and  we  may  take 
the  average  value  of  cot  02  to  be  0.546  where  n  =  2,  0i  =  62  deg.  and 
cot  9i  =  0.532.     Therefore,  we  have  from  [2] 

Divergence  in  8  in.  \    2  X  322.2  X  0.00056  X  400  X  0.532  ^ 

if  n  =  2         f    2  [1  -h  I  (0.00056)  322.2  (1  -  0.60J]         '   '  '  '^^ 

Divergence  in  8  in.  j     2X322.2X0.00056  X  400  X  0.546  ^  r 

if  n  =  6         J  ~  6[1  +  4(0.00056)322.2  (1-0.60)]  •    •  •  -M 

Now  it  is  an  easy  matter  co  find  the  actual  divergence  on  the  entropy 
diagram  in  8  in.  horizontal  distance  and  for  a  drop  of  say  2  in.  =  100 
B.t.u.  If  we  measure  the  distance  apart  of  two  pressure  lines  at 
entropy  1.30  and  again  at  1.46,  the  difference,  to  the  scale  of  1  in. 
=  50  B.t.u.,  will  give  us  the  divergence  in  B.t.u.  for  4  in.  horizontal 
distance,  and  double  this  would  be  the  rate  of  divergence  of  those 
particular  pressure  lines  in  8  in.  In  the  case  of  the  lower  pressures 
the  full  8  in.  may  be  measured  directly,  as  from  entropy  1.46  to  1.78, 
the  horizontal  entropy  scale  being  1  in.  =  0.04  units.     In  this  way 
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I  find  the  actual  divergence  in  8  in.  horizontal  and  2  in.  vertical  is 
about  25  to  35  B.t.u.  in  the  most  used  part  of  the  diagram  and  has 
about  double  those  values  for  very  high  pressures. 

In  the  author's  problem  of  the  two-stage  turbine,  the  entropy 
at  admission  is  1.560  and  for  the  second  stage  1.663.     The  liori- 

•    .V,      1-663  -  1.560      ^  ^^  . 
zontal  range  is  thus n  04.  ^  ^^^'     -^^^"^  l^l  we  might 

2.57  X  37.1 

therefore  expect  a  divergence  of^ '—   =  11.9    B.t.u.,  while 

o 

the  actual  divergence  as  found  by  the  author  is  167.0  —  (1026.3 

—  871.1)  =  11.8.     A  divergence  of  11.8  for  a  horizontal  distance  of 

or--         ^  .-1^         ,1026.3-871.1       ^^^. 

2.5/  m.  and  a  vertical  drop  of — =  3.10  m.,  corresponds 

to  a  divergence  of  24  B.t.u.  for  our  standard  conditions,  instead  of 
25  to  35  B.t.u.  which  I  found  by  scaling  from  the  diagram.  Another 
estimator  might  find  a  different  value  by  scahng,  but  even  if  we  sup- 
pose 30  to  be  correct,  this  would  not  change  very  greatly  the  avail- 
able heat  per  stage.  The  divergence  for  our  two-stage  turbine  would 
become  14.8  and  the  drop  would  be  168.5  instead  of  167.0.  This 
would  be  equivalent  to  increasing  the  factor  0.00056  to  0.00071.  As 
tbe  steam  velocity  =  CV/i,  an  increase  of  h  from  167.0  to  168.5 
would  increase  the  steam  velocity  only  about  half  of  one  per  cent. 
Since  the  proper  steam  velocity  for  a  given  bucket  speed  is  not  known 
within  half  of  one  per  cent,  we  may  conclude  that  the  proposed  method 
is  accurate  enough  for  a  two-stage  turbine  working  under  moderate 
pressure. 

Coming  now  to  the  six-stage  turbine,  the  entropy  at  admission  is 
1.560  as  before.     The  entropy  of  the  last  drop  is  not  stated  but  it 

may  be  found  as  follows :    The  drop  in  each  stage  is (l+K)  —  56.9, 

n 

so  that  the  drop  from  A  to  D  (Fig.  2)  would  be  0.60  (6  X  56.9) 
=  204.8  and  tbe  drop  from  A  to  P^+i  (P4  on  Fig.  2,  or  P7  for  the 
six-stage  turbire)  would  be  204.8  -F-(  56.9  X  0.40)  =  227.6.  The  end 
of  the  last  drop  would  be  at  .H"  =  965.7  and  pressure  =  1.00,  and  the 
entropy  of  this  point  would  be  1.729.     The  horizontal  range  would 

be (\oA^ —  ^  4,22  in.  and  so  we  should  expect  from  [4]  a  diver- 

4  22  X  12  4 

gence  of  ~ '—  =  6.5  or  1.3  B.t.u.  for  each  of  the  five  drops. 

o 

This  should  be  equal  to  hi  -  h.  =  56.7  -  55.4  in  Table  1.     The 
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322  2 

author  takes       -^  =  53.5  instead  of  53.7,    but   allowing  for  this 
6 

inaccuracy  hi  —  /12  =  56.9  —  55.6  =  1.3   as  before. 

The  author  says,  Par.  9,  "So  far  as  the  writer  is  aware  there  is  no 
particular  reason  why  this  method  should  give  correct  results,  but 
experience  shows  that  it  does  do  so."  In  Par.  6  he  uses  the  word 
empirical  which  is  the  only  indication  furnished  by  the  author  that 
his  method  is  not  applicable  with  perfect  accuracy  to  ail  parts  of  the 
entropy  diagram.  As  I  have  already  pointed  out,  the  method  does 
not  apply  to  superheated  steam  or  to  wet  steam  of  very  high  pres- 
sure, and  in  regard  to  the  part  of  the  diagram  inmostfrequertuse, 
it  would  be  more  accurate  to  say  the  error  is  so  small  as  not  to  be 
readily  detectable,  than  to  leave  it  to  be  inferred  that  there  is  no  error. 

The  author  has  carefully  omitted  all  references  made  by  Professor 
Peabody  to  errors  in  the  method.  For  example,  Professor  Peabody's 
Table  6*  (corresponding  to  the  author's  Table  1)  contains  the  follow- 
ing data: 

Pressure  Entropy  Heat  Drop 

1193.3 
1136.7 
164.8  1.560  56.6 

1158.4 
1101.5 
80.1  1.588  56.9 

1123.5 
1066.4 
38.1  1.618  57.1 

1088.6 
1031.9 
16.9  1.651  56.7 

1053.7 
996.7 
7.09  1.685  57.0 

1018.8 
962.1 
2.76  1.722  56.7 

1.00  1.761  Sum 341.0 

In  reference  to  this  tabulation  Professor  Peabody  remarks  that  the 

*  A  Method  of  Determining  Pressures  for  Steam  Turbines,  Cecil  H.  Pea- 
body, Trans.  Soc.  Naval  Archs.  and  Marine  Engrs.,  1909,  p.  32. 
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sum  of  the  several  amounts  of  heat  assigned  to  the  six  stages  for 
adiabatic  action  should  be  equal  to  322.2  X  1.054  =  339.6,  instead 
of  341.0,  the  discrepancy  being  due  to  lack  of  precision  in  the  calcu- 
lation. 

In  the  case  of  the  two-stage  turbine  Professor  Peabody  assigned 
a  drop  of  166.4  B.t.u.  to  the  first  stage  and  obtained  166.1  for  the 
second.  In  short,  even  with  the  most  careful  interpolation  in  his 
entropy  table  Professor  Peabody  found  that  his  method  was  subject 
to  error,  though  to  be  sure  the  error  in  the  cases  cited,  is  negligible 
for  all  practical  purposes. 

Returning  to  the  author's  statement  in  Par.  9,  we  are  left  in  doubt 
as  to  the  extent  of  the  experience  which  shows  that  the  method  gives 
correct  results.  There  is  nothing  to  show  that  the  experience  covers 
more  than  the  examples  given  in  Professor  Peabody's  and  the  author's 
papers.  However,  if  it  is  desired  to  apply  the  method  to  any  part  of 
the  diagram,  an  idea  of  the  error  involved  may  be  obtained  by  the 
help  of  [2],  either  by  scaling  the  divergence  of  the  lines  P2  and  Pz  or 
by  measuring  with  a  protractor  the  angles  9i  and  62.  For  this  purpose 
the  location  of  the  lines  P2  and  P3  may  be  obtained  with  sufficient 

AH 

accuracy  if  AHi  is  taken  equal  to  H^H 3  =    -    . 

But  the  author's  method,  in  addition  to  assuming  a  constant  rate 
of  divergence  for  a  certain  drop  and  a  certain  difference  of  entropy, 
is  based  on  other  assumptions  which  affect  its  usefulness.  In  Fig. 
1  it  will  be  noted  that  B'z,  q'y  and  I'x  are  parallel,  which  signifies 
that  the  efficiency  of  each  stage  is  the  same,  and  Professor  Peabody 
sa>s,  "The  method  assumes  that  the  efficiencies  of  the  several 
stages  are  the  same  or  nearly  the  same,  and  most  concordant  results 
will  be  obtained  when  the  same  amount  of  heat  is  assigned  to 
each  stage.  But  the  method  is  insensitive  to  reasonable  changes  in 
the  heat  factor  and  will  give  good  comparison  "^ith  practice  with  any 
ty])e  of  turbine."^ 

That  the  method  is  insensitive  to  changes  in  E  is  shown  by  Professor 
Peabody's  calculations,  and  it  also  follows  from  [2].  When  Professor 
Peabody  says  "any  type  of  turbine,"  it  is  to  be  supposed  he 
means  any  multicellular  turbine,  since  the  method  does  not  apply  to 
a  single-stage  De  Laval  machine,  and  its  appUcation  to  the  Parsons 
type  has  not  been  demonstrated.     As  for  the  comparison  with  "prac- 

lA  Method  of  Determining  Pressures  for  Steam  Turbines,  Cecil  H.  Pea- 
body, Trans.  Soc.  Naval  Archs.  and  Marine  Engrs.,  1909,  p.  30. 
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tice"  it  depends  upon  what  is  meant.  Writers  show  a  "strange  reti- 
cence" in  telling  all  they  know  and  it  is  a  question  whether  practice  is 
to  be  considered  as  represented  by  what  is  published,  or  by  the 
methods  actually  used  by  designers. 

I  question  whether  it  is  good  practice  to  assume  a  constant-stage 
efficiency  as  it  is  obviously  contrary  to  fact.  As  the  efficiency  can 
only  be  constant  if  the  losses  are  constant,  we  must  consider  the  losses 
in  each  stage.     Leaving  out  radiation,  leakage  between  stages  and 

the  loss  due  to  residual  velocity,     --  ,  the  chief  losses  are  due  to  the 

steam  passing  through  the  nozzles  and  blades,  and  to  the  discs  and 
blades  rotating  in  steam.  I  shall  call  these  two  frictional  losses, 
blade  losses  and  windage. 

If  c  =  the  theoretical  velocity  due  the  heat  drop  assigned  to  a 
stage,  Ci  —  (pc  =  velocity  of  steam  leaving  the  nozzle,  and  W2  =  X^i 
where  Wi  is  the  resultant  of  Ci  and  the  peripheral  velocity.  Then 
the  blade  loss  will  equal 

As  cp  and  x  iiiay  be  considered  constant,  it  follows  thst  the  blade  loss 
will  be  constant  only  when  c  and  w  are  the  same  for  all  stages.  If 
the  heat  assigned  to  a  stage  is  constant,  c  is  constant,  but  w  will  vn^y 
with  the  blade  angle.  It  is  well  known  that  at  the  low-pressure  end 
of  marine  turbines,  semi-wing,  wing  and  double-wing  blades  are  em- 
ploj^ed,  and  this  same  flattening  of  the  blade  takes  place  in  land 
turbines,  though  perhaps  not  so  often  referred  to.  Consequently 
the  blade  losses  vary  with  changes  in  the  value  of  w  from  stage  to 
stage. 

The  variation  in  the  windage  losses  is  much  greater.  While  the 
absolute  numerical  value  of  the  windage  losses  may  be  difficult  to 
discover,  on  accoimt  of  disagreement  between  authorities  whose 
tests  were  made  with  different  types  of  running  wheels,  the  following 
equation  from  Stodola^  may  be  taken  to  illustrate  our  point. 

N  =  filO-''  Dv?  Ly 
N    =  windage  in  kw. 

/3     =  a  factor  depending  upon  the  number  of  rows  of  blades 
D     =  diameter  to  middle  of  blade 

L     =  mean  length  of  blade 

7     =  si)ecific  weight  of  steam 

»  The  Steam  Turbine,  Aurel  Stodola,  ed.  4,  p.  129. 
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D  may  be  constant  in  all  stages  and  in  some  CEses,  /3  is  also  a  constant. 
L  may  vary  from  a  fraction  of  1  in.  to  over  a  foot,  and  the  variation  in 
the  densit}^  of  steam  is  enormous.  Consequently  the  windage  will 
be  greatest  in  the  first  stage,  where  7  is  a  maximum,  in  spite  of  the 
fact  that  L  is  there  a  minimum,  and  it  will  gradually  decrease  to  a 
comparatively  insignificant  quantity  in  the  last  stage.  Of  course, 
if  there  are  very  few  stages,  or  the  turbine  is  running  non-condensing, 
the  windage  in  the  last  stage  may  be  considerable.  The  assumption 
chat  the  efficiency  is  the  same  for  each  stage  is  thus  far  from  the  truth, 
and  can  be  justified  only  on  the  ground  that  it  is  one  comm.only  made 
in  books. 

In  Par.  6,  the  author  defines  E  as  the  probable  thermal  efficiency 

2545 

of  the  turbine  and  gives  the  formula  E  =  ~        -^_.  where  S  is   the 

S  X  ^H 

probable  steam  consumption  per  horsepower  per  hour.     In  using 

this  formula,  it  does  not  seem  to  me  clear  how  he  allows  for  the  fact 

that  there  are  losses  which  do  not  increase  the  entropy  of  the  steam. 

Stodola^  explains  the  matter  more  fully  somewhat  as  follows :    Add 

to  A^e  the  effective  horsepower,  the  losses  outside  the  turbine  casing, 

such  as  bearing  friction  and  the  power  used  to  drive  auxiliaries,  and 

the  sum  is  called  ^"1.     If  G^  is  the  steam  consumption  per  effective 

N 
horsepower   per    hour,    then  Gi  =  G^  —^ ,   the   difference    in    total 

Ai 

2545 
heat  between  initial   and   final   conditions  will   be      „      (neglect- 

ing  losses  due  radiation  and  the  increase  in  steam  velocity  between  the 

steam  chest  and  the  exhaust),  and  finally  the  efficiency  will  be  equal 

2545 
to  pz — =^  .     Professor  Peabody  uses   practically  this  same  method , 
GiAH 

except  that  he  takes  G'l  =  0.9  G^.  He  then  goes  on  to  say,  "There 
may  be  a  reasonable  dislike  to  using  a  factor  based  on  the  gross  horse- 
power of  the  turbine,  but  it  will  be  shown  that  a  considerable  varia- 
tion in  that  factor  will  have  only  a  small  effect  on  the  computations 
of  pressure;  and  after  all  there  appears  to  be  no  way  to  avoid  the  diffi- 
culty." 

As  I  understand  Professor  Peabody,  the  heat  drop  between  the 

2545 

point  A  and  the  point  D  (Fig.  2)  is  equal  to  --^-   and    there    is    no 

objection  to  this  method  of  finding  the  point  D.     But  he  does  admit 
^  The  Steam  Turbine,  Aurel  Stodola,  p.  116. 
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there  might  be  a  reasonable  dislike  to  taking  the  oviTall  turbine 
efficiency  as  the  efl&ciency  of  each  stage. 

It  might  also  be  objected  Ihat  the  steam  does  not  actually  pass 
through  the  changes  represented  by  the  broken  line  AH2B,  etc. 
This  could  occur  only  if  there  were  no  friction  and  consequently  no 
increase  of  entropy  in  the  nozzles  and  no  decrease  of  pressure  in  pass- 
ing through  the  blades.  In  reality  there  is  nozzle  friction  and  espe- 
cially in  Curtis  turbines  using  intermediates  or  reversing  blades,  there 
is  often  a  fall  in  pressure  in  passing  the  blades.  On  this  account 
some  writers  do  not  classify  the  Curtis  turbine  as  a  pure  impulse 
turbine.  However,  the  error  introduced  by  considering  that  the 
steam  follows  the  path  AHoB  is  slight  compared  with  that  due  to 
taking  E  constant.  An  inaccurate  value  of  E  has,  as  Professor  Pea- 
body  shows,  but  slight  influence  on  the  calculated  steam  velocities, 
but  it  should  not  be  overlooked  that  its  influence  on  the  calculated 
steam  volumes  is  much  greater. 

However,  the  total  amount  of  heat  that  may  be  assigned  to  the  sev- 
eral stages  is  obtained,  and  this  is  but  a  beginning.  The  real  task  is 
in  so  arranging  blade  lengths,  blade  angles,  disc  diameters,  heat  drops, 
etc.,  that  the  ratio  of  steam  speed  to  bucket  speed  shall  be  as  desired. 
Professor  Peabody,'  and  the  author  (Par.  3),  assume  a  constant  steam 
velocity  and  the  same  heat  drop  in  each  stage.  Now  the  theoretical 
ratio  between  bucket  and  steam  velocity  in  an  impulse  turbine  is 
one-half  and  if  there  were  no  losses  this  value  would  be  used.  On 
account  of  the  losses,  which  increase  approximately  as  the  cube  of  the 
bucket  speed,  there  is  a  certain  bucket  speed  less  than  half  the  steam 
speed,  which  gives  the  greatest  net  power.  Furthermore,  not  only 
has  a  turbine  a  most  efficient  speed  of  revolution,  but  each  separate 
row  of  blades  has  a  most  efficient  linear  velocity  depending  on  the 
losses  in  the  separate  stages.  The  angular  velocity  of  every  row  of 
blades  must  be  the  same,  but  the  linear  velocity  may  be  regulated 
within  certain  limits,  by  changes  in  blade  length  and  disc  diameter. 
Thus  if  the  author  assumes  that  the  diameters  of  the  moving  ele- 
ments of  each  stage  are  the  same,  he  should  not  assume  a  constant 
steam  velocity  in  each  stage. 

The  method  presented  by  the  author  gives  results  that  agree 


"^A  Method  of  Determining  Pressures    for  Steam  Turbines,    Cecil  H.  Pea- 
body,  Trans.  80c.  Naval  Archs.  and  Marine  Engrs.,  1909,  p.  29. 
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with  those  obtained  by  the  method  of  assuming  a  constant  reheating 
factor,  Avith  an  error  so  small  as  not  to  be  readily  detectable  by  scaling 
on  the  entropy  diagram,  so  long  as  operations  are  confined  to  the 
more  usual  pressures,  with  steam  initially  dry.  However,  the  re- 
heating factor  actually  varies  from  stage  to  stage  with  changes  in  the 
internal  losses,  so  that  any  method  which  assumes  a  constant  stage 
efficiency  is  but  a  preliminary  to  the  more  difficult  task  of  proportion- 
ing the  pressure  drop  between  the  stages  so  as  to  obtain  a  suitable 
variation  in  the  ratio  of  bucket  speed  to  steam  velocity,  which  can 
be  accomplished  only  by  the  method  of  successive  approximations. 

C.  H.  Peabody^  (written).  I  desire  first  to  express  my  apprecia- 
tion of  the  kind  manner  in  which  Professor  Cardullo  refers  to  my  paper 
on  A  Method  of  Determining  Pressure  for  Steam  Turbines,  which 
serves  as  a  point  of  departure  for  his  own  investigations. 

In  his  paper  Professor  Cardullo  shows  that  his  empirical  equation 
is  both  accurate  and  convenient,  and  the  few  applications  I  have  made 
of  it  lead  to  the  same  conclusion.  But  I  cannot  agree  that  in  prac- 
tice it  will  be  found  either  more  simple  or  exact  than  the  method 
offered  in  my  paper.  Though  it  does  not  much  change  conditions, 
I  will  say  that  the  computations  of  ratios  for  determining  tempera- 
tures and  pressures  has  been  abbreviated  since  my  paper  was  pre- 
sented. 

I  should  like  to  explain  the  derivation  and  use  of  these  factors. 
Taking  164.8  lb.  and  1  lb.,  or  366  deg.  and  102  deg.,  Professor  Car- 
duUo's  paper  shows  that  the  middle  temperature  for  adiabatic  action 
is  223.5  deg.  But  if  only  0.6  of  the  available  heat  is  changed  into 
work  and  the  other  0.4  remains  in  the  steam,  the  entropy  will  increase 
to  about  1.65.     Let  h  stand  for  the  heat  contents  and  find  the  ratio 


A/ii.56 


for  a  range  of  temperature  of  40  deg.  at  entropy  1.56  and 


A/li.65 

at  entropy  1.65  as  follows: 

Temperature                                                 Heat  Contents 

Entropy    1.56  Entropy    1.65 

243                                                            1056.0  1122.8 

102                                                            1006.7  1069.6 


49.3  53.2 


53.2 
Ratio:      ^^  =  108 


iProf.  Naval  Arch,  and  Marine  Engrj?.,  Mass.  Inst,  of  Tech.,  Boston,  Mass. 
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To  find  intermediate  teinperutures  for  a  six-stage  turbine  draw  a 
diagram  like  Fig.  3  in  which  hJh  represents  the  adiabatically  avail- 
able heat,  322.2  B.t.ii.  At  a  convenient  scale  the  ratio  1.080  is  laid 
off  at  the  top  an.d  a  diagon.al  lin.e  is  drawn  through  the  middle  point. 
The  line  hih^  is  divicUHJ  into  six  equal  parts.  There  may  in  any  case 
be  as  many  parts  as  there  are  stages  which  may  be  equal  or  unequal. 
At  the  middle  points  of  the  segments  of  hih^  draw  abscissae  and  on 
them  read  their  values  as  indicated.     Then  calculate  the  intermediate 
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Fig.  3    Diagram  Showing  Intermediate  Temperatures  for  a  Six-Stage 

Turbine 


temperatures  and  pressures  as  follows: 


322.2 
6 


=  53.7 


Temperature   Pressure 


53.7  X  1.067  =  57.3 
.53.7  X  1.040  =  55.9 
53.7  X  1.013  =  54.4 
53.7  X  0.987  =  53.0 
53.7  X  0.960  =  51.5 
53.7  X  0.933  =  50.1 


1193.3 

-  57.3  = 

1136.0 

312.5 

80.5 

1136.0 

-  55.9  = 

1080.1 

263.5 

37.6 

1080.1 

-  54.4  = 

1025.7 

218.0 

16.5 

1025.7 

-  53.0  = 

972.7 

176.5 

6.95 

972.7 

-  51.5  = 

921.2 

138.0 

2.74 

920.2 

-  50.1  = 

871.1 

102.0 

1.00 

322.2 


The  temperatures  and  pressures  are  looked  up  in  the  temperature- 
entropy  table  at  entropy  1.56,  interpolating  to  half  degrees,  but  not 
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to  a  greater  degree  of  refinement.  Great  refinement  is  wasted  in 
this  matter,  for  the  straight  adiabatic  method  of  text  books  gives 
a  maximum  error  in  this  case  about  0.06  error  in  energy  which  cor- 
responds to  0.03  error  in  velocity.  A  variation  of  10  per  cent  from 
the  normal  velocity  of  a  turbine  has  barely  an  appreciable  effect  on 
the  efficiency,  and  a  variation  of  0.015  would  be  imperceptible  either 
in  computation  or  experiment. 

There  is,  however,  no  use  in  allowing  a  preventable  error  of  3  per 
cent  to  creep  into  one  computation  and  derange  the  results,  conse- 
quently^ some  method  of  correction  should  be  used.  I  propose  the 
ratio  in  Table  2  for  my  method. 

TABLE  2    RATIO  FOR  PRESSURE  DISTRIBUTION 


Heat  Factor 

150  Gage  Pressure 
to  28  In.  Vacuum 

150  Gage  Pressure 
to  Atmosphere 

Atmosphere  to 
28  in.  Vacuum 

0.55 
0.60 
0.65 
0.70 
0.75 

1.09 
1.08 
1.07 
1.06 
1.05 

1.050 
1.045 
1.035 
1.030 
1.025 

1.040 
1.035 
1.030 
1.025 
1.020 

Having  the  ratio  of  heat  changed  into  work  by  the  turbine  to  the 
total  available  heat  for  adiabatic  expansion,  the  designer  may  select 
the  nearest  ratio  from  the  table  and  with  it  draw  a  diagram  like  Fig. 
3  and  complete  the  distribution  of  heat  as  shown  by  Table  2.  The 
ratio  should  be  read  to  three  decimal  places  because  any  error  there 
may  be  in  the  method  of  distributing  pressure  is  spread  over  the  entire 
range  of  temperature  and  the  intervals  of  temperature  and  pressure 
are  obtained  with  a  desirable  degree  of  regularity. 

To  show  the  insensitiveness  of  the  method  we  may  note  that  varia- 
tion in  the  ratio  of  heat  changed  into  work  to  the  total  available  heat 
is  as  follows : 


Heat  factor 0.55 

Intermediate  temperature 218 

Intermediate  pressure 16.5 


0.65 

0.75 

219 

220 

16.9 

17.2 

And  further  to  show  that  a  considerable  variation  in  pressure  has 
but  a  slight  effect  we  may  compare  results  with  a  ratio  selected  from 
Table  2  and  with  the  proper  ratio  for  the  range  of  pressures. 
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Heat  factor  0.65  Tabular  Value        Special  Calculation 

Initial  temperature 366  400 

gage  pressure 150  232 

Final  temperature 102  102 

vacuum,  in 28  28 

•Ratio 1.07  1.075 

Intermediate  temperature 231.8  232.1 

pressure  absolute 21 .49  21 .  61 

While  I  have  no  question  that  Professor  Cardullo  can  use  his  graph- 
ical method  effectively,  I  remain  of  the  opinion  that  a  numerical 
computation  with  the  aid  of  the  temperature- entropy  table  will  be 
found  more  accurate  and  rapid. 

W.  D.  Ennis  (written).  The  simplicity  and  exactness  of  Professor 
Cardullo's  method  lie  in  the  use  of  the  corrective  factor  K  which  he 

TABLE  3    HEAT  DROP  IN  6-STAGE  TURBINE 


Absolute  Pres.sure 
Lb.  per  Sq.  In. 

Entropy 

Heat  Contents,  B.t.u. 

160 

1.629 

1252  0 

81 

1.661 

1216.8 

39 

1.6935 

1181.6 

17.3 

1.731 

1146.4 

7.3 

1.772 

1111.2 

2.9 

1.814 

1076.0 

1.0 

1.863 

1040.8 

has  discovered.  In  designing  a  multi-stage  turbine,  either  some 
inequality  in  the  heat  drops  for  the  different  stages,  or  a  rather  pro- 
longed adjustment  must  be  contemplated.  There  seems  to  be  no 
clear  reason  for  the  form  of  this  new  corrective  factor  and  one  is  in- 
clined to  doubt  the  generahty  of  application  of  such  expressions.  I 
have,  however,  found  it  to  fit  another  set  of  conditions  than  those 
given  in  the  paper  and  am  prepared  at  least  to  try  it  in  additional 
cases. 

Consider  a  turbine  having  an  initial  pressure  of  160  lb.  abs.,  with 
100  deg.  of  superheat.  Expanding  down  to  1  lb.  abs. :  six  stages, 
steam  consumption  12  lb.  per  h.p-hr.  The  initial  heat  contents  is 
1252,  the  final  (after  adiabatic  drop)  911:  making  the  heat  drop  341 
B.t.u.,  the  efficiency  E  =  0.62,  and  K  =  0.0608.  The  ideal  heat 
drop  per  stage,  corrected  by  the  K  factor,  is  then  60.2  B.t.u.;  the  actual 


drop  is 


341 


X  0.62  =  35.2  B.t.u.     This  leads  to  Table  3. 
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The  whole  heat  drop  is  very  nearly  1252  -  1040.8  =  212.8 
=  341  X  0.62.  It  would  be  interesting  to  know  how  the  expression 
for  K  was  obtained  and  whether  it  has  further  justification  than 
the  one"  that  it  "works,"  which  is  of  course  excellent. 

The  Author.  The  objections  raised  by  Mr.  Herschel  may  be 
classified  as  follows: 

a  That   the   method    proposed    will    not    give    satisfactory 

results  when  wet  steam  is  used  in  the  turbine. 
b  That  it  will  not  give  satisfactory  results  when  superheated 
steam  is  employed. 

TABLE  4    FOUR-STAGE  TURBINE 

Initial  Steam  Phessure  14.70  lb.  ABa.,  Initial  Quality  85  per  cent,  Terminal  Pressure 
0.594  LB.  abs..  Assumed  Efficiency  70  per  cent. 

AH  =  168.8    —  =  42.2 
n 

0.00056  Aff  (1—E)  =  0.028 


n-k 

0.028  

n 

h 

H 

Pressure 

Actual 

n-k 
n 

Entropy 

Heat 
Drop 

Heat 
Content 

0.75 

0.021 

43.1 

1004.6 

14.70 

1.54 

1004.6 

961.5 

7.19 

1.54 

43.1 

961.5 

0,25 

0.007 

42.5 

1.56 

974.45 

919.0 

3.278 

1.56 

43.1 

931.35 

0.25 

0.007 

41.9 

1.582 

944.2 

877.1 

1.426 

1  582 

43.1 

901.1 

0.75 

0.021 

41.3 

1.604 

913.05 

835.8 

0.594 

1.604 

43.1 

869.95 

c  That  it  assumes  the  losses  to  be  equal  in  each  of  the  stages. 

d  That  it  assumes  all  of  the  losses  to  be  of  such  a  character 
as  to  increase  the  entropy  of  the  steam. 
The  answer  to  the  first  objection,  namely  that  the  method  is  not 
satisfactory  when  applied  to  wet  steam,  may  be  seen  in  Table  4,  in 
which  will  be  found  the  calculations  for  a  turbine  taking  a  steam  of 
85  per  cent  quality  and  expanding  it  from  a  temperature  of  212  deg. 
to  a  temperature  of  85  deg.  This  is  an  extreme  case  and  there  is 
no  reason  why  a  turbine  should  be  supplied  with  steam  of  this  qual- 
ity even  though  the  steam  rejected  by  the  engine  unit  is  of  85  per 
cent  quality.  The  use  of  a  separating  receiver  between  the  engine 
and  the  turbine  would  eliminate  the  water  without  appreciably  de- 
creasing the  admission  pressure  to  the  turbine.  It  will  be  seen  from 
Table  4  that  the  calculation  by  this  method  of  the  pressure  and 
energy  drops  in  the  different  stages  give  results  which  check  absolutely. 
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Mr.  Herschel's  objection  that  the  method  does  not  apply  to  super- 
heating steam  is  valid,  although  a  much  closer  approximation  to  the 
proper  pressure  and  energy  drops  per  stage  may  be  obtained  by 
employing  this  method  than  by  the  assumption  of  adiabatic  expan- 
sion. In  Table  5  will  be  found  the  calculations  for  a  very  extreme 
case.  The  turbine  is  assumed  to  take  steam  at  215  lb.  pressure  and 
226  deg.  superheat  and  to  expand  it  to  atmospheric  pressure.  It 
will  be  seen  there  that  the  calculated  energy  drop  per  stage  is  59.3 
B.t.u.,  while  the  actual  energy  drop  in  the  first  stage  is  59.3  B.t.u., 
in  the  second,  60.2,  in  the  third,  62.8,  and  in  the  fourth  59.3  B.t.u. 
By  employing  the  method,  the  energy  drop  per  stage  is  much  more 
nearly  equalized  than  it  would  be  otherwise. 

TABLE  5    FOUR-STAGE  TURBINE 
Initial  Steam  Pressure  215  lb.  abs.,  Initial  Sctperhb.vt  225  per  cent,  Terminal  Pressure 
14.70  LB.  abs.,  Assumed  Efficiency  70  per  cent. 

AH  =  230.6    -—   =  57.65 


0.00056  AH  {1  - 

-E)  =0.039 

1 

0.039  ^ 
n 

h 

H 

1322.5 

Pressure 

Actual 

n-k 
n 

Entropy 

Heat 
Content 

Heat 
Drop 

215 

1.67 

0.75 

0.029 

59.32 

1263.2 

122.7 

1.67 

1263.2 

59.3 

0.25 
0.25 

0.010 
0.010 

58.22 
57.08 

1205.0 
1147.9 

66.0 
31  97 

1.6885 
1.6885 
1.71 
1.71 

1281.0 
1220.8 
1238.9 
1176.1 

60.2 
62.8 

0.75 

0.029 

55.98 

1091.9 

14.70 

1.7345 
1.7345 

1195  0 
1135.7 

59.3 

It  must  be  remembered  that  this  method  is  in  the  nature  of  a  rule 
of  thumb  for  determining  as  closely  as  possible  the  pressure  of  the 
steam  as  it  enters  the  several  stages  of  a  turbine,  on  the  assumption 
that  the  energy  drop  is  the  same  in  every  stage.  It  is  intended  as  a 
preliminary  to  the  actual  design  of  the  steam  passages  and  the  vanes 
of  the  several  stages  of  the  turbine.  In  order  to  obtain  a  workable 
rule  the  difference  in  the  efficiencies  of  the  several  stages  was  disre- 
garded. Had  this  difference  been  taken  into  account  the  method 
would  become  tremendously  complicated  and  the  final  results  prac- 
tically identical  with  those  obtained  by  employing  the  method  in 
its  simplified  form.  While  the  method  is  theoretically  incorrect  and 
inexact,  in  practice  it  is  much  more  accurate  than  is  our  knowledge 
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of  the  properties  of  steam  or  the  efficiencies  of  turbines,  and  there- 
fore as  accurate  as  is  necessary  or  desirable. 

The  only  losses  in  a  steam  turbine  which  do  not  increase  the  entropy 
are  those  due  to  bearing  friction  and  radiation.  In  any  case  these 
are  an  exceedingly  small  fraction  of  the  total  heat  supplied  to  the  tur- 
bine and  are  therefore  negligible  in  comparison  with  the  losses  which 
increase  the  entropy  of  the  steam.  To  separate  these  losses  is  impos- 
sible and  unnecessary  and,  as  pointed  out  by  Professor  Peabody, 
slight  changes  in  the  assumed  efficiency  of  the  turbine  have  almost 
no  effect  in  changing  the  value  of  the  factor  K  in  the  equation. 

I  agree  with  Professor  Peabody  that  a  numerical  computation  by 
the  aid  of  the^ temperature  entropy  table  is  more  accurate  than  the 
employment  of  the  Mollier  diagram  and  that,  in  general,  analytical 
methods  are  to  be  preferred  to  graphical  ones  for  work  of  this  kind. 


-< 


Fig.  4 


Fig.  5 


Fig.  6 


Diagrams  Illustrating  Effect  With  Wet  Steam  and  Superheated 

Steam 


Professor  Ennis  shows  that  when  the  amount  of  superheat  is  not 
extraordinarily  high,  the  method  gives  satisfactory  results.  On 
the  other  hand,  for  extreme  conditions  of  superheating,  it  is  not  so 
exact. 

Why  the  method  works  is  shown  in  Fig.  4  which  represents  the  tem- 
perature-entropy diagram  of  a  turbine  employing  wet  steam  as  a  work- 
ing fluid.  The  line  ed  is  drawn  so  that  the  area  ghcf  is  divided  into 
two  equal  parts,  in  order  that  there  shall  be  an  equal  distribution  of 
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energ}^  in  the  two  stages.  Then  the  heat  transformed  into  work  in 
the  nozzles  of  the  first  stage  is  ebcd.  Of  this  a  certain  fraction  is 
retransformed  into  heat  and  passed  on  to  the  second  stage,  this  heat 
being  represented  by  the  area  dhjk,  of  which  dhif  is  retransformed 
into  work  in  the  second  stage,  and  the  total  quantity  of  heat  trans- 
formed into  work  in  both  stages  is  ghcdhi.  It  will  be  seen  that  as 
the  total  heat  drop  increases,  the  proportion  of  the  heat  supplied 
which  is  transformed  into  work,  also  increases,  so  that  the  quantity 
dhif  becomes  a  larger  and  larger  proportion  of  dhjk,  as  the  total  heat 
drop  increases.  The  extra  amount  of  heat  added  per  stage  is  there- 
fore proportional  to  the  total  heat  drop.  By  increasing  the  number 
of  stages  to  four,  we  will  get  the  condition  of  affairs  shown  in  Fig.  5, 
in  which  the  shaded  areas  are  added  as  well  as  the  areas  already  added 

A^-  1 . 
in  Fig.  4.     Hence  we  must  introduce  the  factor  in  obtaining  the 

value  of  K.  The  amount  of  heat  added  to  the  steam  entering  the 
second  stage  by  the  inefficiency  of  the  first  stage  is  of  course  propor- 
tional to  one  minus  the  (efficiency  of  that  stage;  hence  we  have  the  fac- 
tor l  —  E.  Finally  the  factor  0.00056  is  obtained  by  trial  and  adjust- 
ment. 

Fig.  6  shows  why  the  method  is  not  exact  when  applied  to  super- 
heated steam.  It  might  be  made  exact  by  introducing  a  factor  whose 
value  would  depend  upon  the  degree  of  superheat  of  the  steam,  but 
this  introduces  a  complication,  which  destroys  the  simplicity  of  the 
method,  and  which  is  therefore  objectionable.  Rather  than  compli- 
cate the  method,  we  may  calculate  the  heat  drops  in  the  several 
stages  as  in  Table  5,  take  their  average,  and  employ  that  as  the  heat 
drop  per  stage.  The  average  of  the  actual  heat  drops  is  60.4.  The 
computation  of  the  proper  pressures  for  each  stage  may  be  made 
accordingly. 
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SOME  PROBLEMS  OF  THE  CEMENT  INDUSTRY 

By  Walter  S.  Landis,  Published  in  The  Journal  for  April 
ABSTRACT  OF  PAPER 

Progress  and  improvement  in  the  cement  industry  has  and  will  resolve 
itself  into  the  development  of  the  plant  as  against  the  process.  The  chief 
features  of  interest  in  this  plant  development  are  the  question  of  size  of  first 
crushing  unit,  the  fineness  of  grinding  of  the  raw  materials  before  entering 
the  kiln,  the  gradual  displacement  of  the  wet  process  by  the  dry  one,  better 
utilization  of  the  fuel  in  the  clinkering  of  the  raw  material,  and  the  abandon- 
ment of  the  air  separator.  The  older  mills  must  be  remodelled  along  the 
lines  of  more  economical  power  distribution  and  labor  requirements  to 
compete  successfully  with  the  modern  mills,  now  that  profits  in  cement 
manufacture  have  dropped  so  low. 

THE  EDISON  ROLL  CRUSHERS 

By  W.  H.  Mason,  Published  in  The  Journal  for  April 

ABSTRACT  OF  PAPER 

The  causes  leading  to  the  design  of  the  Edison  crushing  rolls  are  outlined  and 
a  comparison  made  of  the  energy  of  coal  as  compared  with  that  of  dynamite 
in  breaking  up  stone  in  the  quarry,  with  a  description  of  the  method  of 
quarrying  now  employed  in  conjunction  with  Edison  roll  crushers.  These 
rolls  store  up  kinetic  energy  for  use  in  crushing  and  sledging  large  stones  and 
a  comparison  is  made  in  this  connection  of  rolls  of  various  sizes.  The  power 
required  for  crushing  by  this  method  is  shown  by  tachometer  records,  from 
which  speed,  energy  and  horsepower  curves  are  plotted.  Records  are  given 
covering  a  period  of  two  years  of  the  time  lost  and  the  cost  of  repairs  on  the 
crushing  plant  at  the  Edison  Portland  Cement  Company.  Comparisons  are 
made  between  the  theoretical  capacity  of  these  rolls  and  the  actual  capacity 
as  shown  by  tests.  Both  of  these  are  enormously  greater  than  for  the  gyratory 
crushers  and  in  addition,  the  larger  size  of  the  stones  which  can  be  handled  by 
the  rolls  greatly  simplifies  and  cheapens  the  quarrying  operation.  The  crush- 
ing plant  of  the  Tomkins  Cove  Stone  Company  which  has  a  capacity  of 
1000  tons  an  hour,  is  described. 

Presented  at  the  Spring  Meeting,  Pittsburgh,  1911,  of  The  American 
Society  op  Mechanical  Engineers.      All  discussion  i.s  subject  to  revision. 
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POWER  AND  HEAT  DISTRIBUTION  IN  CEMENT  MILLS 

By  L.  L.  Griffiths,  Published  in  The  Journal  for  June 
ABSTRACT  OF  PAPER 

This  paper  compares  the  methods  used  and  the  results  obtained  in  five 
different  cement  plants  for  converting  the  thermal  power  of  the  fuel  into 
productive  mechanical  work.  A  brief  description  is  given,  both  of  the  power 
installation  and  of  the  mill  arrangement;  and  the  relative  efficiencies  of  differ- 
ent raw  materials,  types  of  grinding  machinery  and  engineering  arrangements 
are  considered.  The  data  are  such  as  to  enable  comparisons  to  be  made 
between  the  same  types  of  machinery,  and  in  most  cases,  the  same  size  and 
make  of  machinery,  at  least  in  individual  departments,  if  not  throughout  the 
entire  plant. 

DISCUSSION 

H.  Struckmann  (written).  In  Par.  26,  Professor  Landis  calls  at- 
tention to  the  value  of  using  the  heat  from  the  discharged  clinker, 
stating  that  this  practice  has  proved  unsatisfactory  in  this  country. 
The  writer  wants  to  add  his  testimony  that  utilizing  the  heat  in  the 
discharged  clinker  is  of  the  greatest  value  for  preheating  the  air  neces- 
sary for  combustion.  In  Europe  when  the  first  rotary  kilns  were 
installed,  the  heat  was  pulled  by  exhausters  from  the  underlying  rotary 
cooler  and  blown  into  the  kiln  mounted  above  it.  Considerable 
difficulty  was  experienced  in  handling  the  large  volume  of  air  at  the 
temperature  at  which  it  was  received  from  the  cooler. 

The  modern  installations  are  now  practically  all  using  a  process 
by  which  fans  are  blowing  the  necessary  amount  of  cold  air  into  the 
cooler,  which  is  virtually  put  under  pressure.  This  air,  after  having 
absorbed  the  heat  from  the  clinker,  is  delivered  through  air  ducts, 
entering  the  kiln  on  both  sides  of  the  hood,  at  a  temperature  as  high 
as  1000  deg.  fahr.  The  advantage  of  this  installation  is  very  evident, 
since  the  cold  air  handled  by  the  fans  is  a  very  much  smaller  volume 
than  the  heated  air.  The  heat  available  in  the  clinker  is  not  only 
sufficient  to  furnish  the  necessary  air  for  combustion,  preheated  to  a 
temperature  of  1000  deg.  fahr.,  but  also  to  dry  the  coal  preparatory 
to  the  grinding  process,  resulting  in  a  large  saving  of  fuel. 

The  statements  which  Professor  Landis  makes  about  the  wet  process 
are  not  borne  out  by  experience  with  the  most  modern  wet  installa- 
tions in  Europe.  The  explanation  in  Pars.  17  and  18  indicates  that 
Professor  Landis  is  comparing  the  old-style  short-kiln  installation, 
where  the  material  was  dried  before  it  was  ground,  with  a  modern 
dry-process  installation  with  long  kilns.     Such  a  comparison  is  hardly 


DISCUSSION    BY    H.    STRUCKMANN  1025 

fair  to  the  modern  wet  plants  now  being  designed  and  operated  in 
Europe.  There  is  no  question  but  that  a  60-ft.  kiln  burning  wet  is 
an  extremely  wasteful  proposition,  but  with  the  development  of  the 
long  kiln  the  situation  has  been  entirely  changed. 

It  has  been  conclusively  proved  that  grinding  the  raw  material  in 
wet  condition  with  proper  machinery  reduces  the  horsepower  from  30 
to  40  per  cent,  besides  increasing  the  fineness  very  materially  and 
entirely  eliminating  the  mill  dust  problem,  which  deserves  a  good  deal 
of  attention. 

If  we  combine  the  drjang  and  burning  in  one  rotary,  we  would  have 
a  kiln  about  185  ft.  long,  basing  the  figures  on  a  60-ft.  dryer  and  125- 
ft.  kiln,  the  two  sizes  now  most  generally  used. 

As  a  general  rule  in  comparing  the  wet  and  dry  processes,  only  the 
125-ft.  dry  kiln  is  compared  with  the  same  size  wet  kiln,  no  attention 
being  paid  to  the  fact  that  the  dry  kiln  requires  an  additional  60-ft. 
rotary  to  take  care  of  the  drying  of  the  material.  Of  course  as  a 
result  greater  economy  is  apparently  effected  on  the  dry  process. 
If,  however,  we  compared  the  burning  unit  of  the  dry  process  with 
the  corresponding  burning  unit  of  the  wet  process,  the  result  would 
be  entirely  different. 

The  writer  has  made  a  number  of  experiments  in  order  to  ascertain 
how  many  feet  of  the  kiln  are  required  to  evaporate  the  30  per  cent  of 
water  contained  in  the  slurry,  as  it  is  being  fed  to  the  modern  wet 
kiln,  and  finds  that  approximately  35  to  40  ft.  is  all  that  is  necessary 
to  put  the  material  in  virtually  the  same  condition  as  when  being  fed 
to  the  dry  kiln.  If  we  deduct  this  35  to  40  ft.  from  the  wet  185-ft. 
kiln,  we  have  a  larger  kiln  with  a  resulting  larger  output  and  lower 
fuel  consumption. 

There  are  quite  a  few  plants  in  this  country  today  which  would 
turn  out  a  much  more  superior  and  reliable  cement  under  the  wet 
than  the  dry  process,  because  in  handling  the  slurry  a  perfect  mixture 
is  obtained.  While  this  would  not  be  the  case  with  the  Lehigh 
Valley  plants,  where  a  natural  cement  mixture  is  found,  judgment 
ought  scarcely  to  be  passed  on  a  process  based  on  the  condition  of 
one  small  part  of  a  country.  There  are  a  number  of  plants  in  the  West 
in  which  the  raw  material  in  natural  condition  contains  from  10  to  20 
per  cent  of  moisture,  requiring  a  large  amount  of  heat  to  evaporate, 
and  considering  all  these  facts,  the  writer  fails  to  see  why  the  wet 
processes  should  be  eliminated  entirely  in  the  investigation  of  a  cement 
proposition. 

Professor  Landis  failed  to  touch  on  one  subject  in  connection  with 
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the  wet  process,  namely  wet  grinding,  and  the  laboratory  tests  given 
in  Table  5  may  be  of  some  interest.  In  carrying  out  these  tests  the 
raw  material  was  prepared  to  a  fineness  ranging  between  20  and  30 
mesh  sieve  and  1500  grams  were  used  as  a  charge  in  a  laboratory  mill. 
Ten  separate  tests  were  run,  each  lasting  55  min.  The  first  test 
was  run  with  dry  material  and  afterward  various  percentages  of  water 
were  added,  as  indicated  in  the  test. 

From  these  tests  it  is  clearly  demonstrated  that  from  30  to  32  per 
cent  of  water  gives  the  greatest  eflaciency  in  grinding  the  material. 
With  the  increased  fineness  made  possible  by  the  wet  grinding  process, 
a  great  deal  of  fuel  is  saved.  In  some  of  the  plants  with  which  the 
writer  is  connected,  natural  gas  is  used  for  fuel  and  eachkihx  is  equipped 

TABLE  5    LABORATORY  TESTS  ON  WET  GRINDING 


Test  Numbei 

Per  Cent  H2O 

100-Mesh 

200-Mesh 

1 

0 
25 
28 
30 
32 
35 
37 
40 
45 
60 

92.0 
98.4 
99.8 
99.2 
99.6 
96.8 
96.8 
96.6 
96.4 
95.2 

75  0 

2  

80  8 

3 

87  0 

4 

86  8 

5 

84  8 

6  

80  6 

7 

8 

80  2 

9 

10 

80.8 
79.6 

with  separate  gas  meters,  giving  a  complete  record  of  the  amount 
of  fuel  used  in  each  kiln.  Experiments  carried  on  for  long  periods 
with  a  varying  fineness  of  the  raw  material  showed  an  average  of  56 
cu.  ft.  of  gas  for  each  per  cent  of  greater  fineness  between  88  and  96 
per  cent  through  the  100-mesh  sieve.  In  other  words,  each  percent- 
age of  finer  raw  material  effected  a  saving  of  about  47,000  B.t.u.  per 
bbl.  of  clinker  produced.  Besides  this  saving  in  fuel,  it  was  found 
that  the  capacity  of  the  kilns,  which  were  7  ft.  6  in.  by  125  ft.,  was 
greatly  increased,  the  output  per  24  hovn-s  being  as  follows: 


88.5   per  cent  fineness 454  bbl.  per  day 

90.0  per  cent  fineness 534  bbl.  per  day 

92.5  per  cent  fineness 591   bbl.  per  day 

94.0  per  cent  fineness 600  bbl.  per  day 

96.0  per  cent  fineness 620  bbl.  per  day 


DISCUSSION 


1027 


In  view  of  these  facts  it  is  a  quesiiou  wliether  the  wet  i:)rocess  as  it  is 
developed  today  does  not  represent  the  most  scientific  method  of 
producing  Portland  cement,  where  the  raw  materials  are  more  or 
less  mixed  and  contain  a  large  percentage  of  moisture  in  natural 
condition. 

P.  C.  Van  Zandt  (written) .  The  crushing  of  rock  is  probably- 
one  of  the  most  ancient  human  industries,  and  the  course  of  its  pro- 
gress from  a  crude  process  into  one  worthy  of  scientific  regard  is 
interesting  and  instructive. 

In  Par.  9,  Mr.  Mason  states  that  before  Mr.  Edison  constructed  his 
giant  rolls  the  largest  rolls  in  use  were  those  known  as  Cornish  rolls, 
which  were  geared  together.  These  rolls  were  also  built  at  that 
time  for  separate  belt  drives  without  being  geared  together,  but,  with 
onh'  one  or  two  exceptions  for  use  on  rock,  the  roll  shells  were  smooth- 


Angie  of 


Fig.  17     Angle  of  Nip  on  Smooth  Rolls 


faced.  Rolls  for  crushing  coal  were  then  built  as  they  are  now  with 
spikes  or  projections  and,  as  far  as  the  writer  can  remember,  coal 
rolls  were  hardly  ever  built  smooth-faced,  nor  rolls  for  use  on  rock 
other  than  smooth-faced. 

In  the  crushing  of  rock  the  angle  of  nip  as  shown  in  Fig.  17  deter- 
mined the  largest  piece  of  rock  that  could  be  fed  to  a  set  of  smooth  rolls, 
while  no  such  limitation  existed  in  the  crushing  of  coal  with  spiked 
rolls,  which  automatically  broke  the  large  pieces  of  coal  into  fragments 
small  enough  to  be  nipped.  Mr.  Edison's  rolls,  hke  his  rotary  kiln, 
were  unquestionably  very  much  larger  than  anything  in  use  at  that 
ame  and  he  alone  seems  to  have  foreseen  the  direction  of  growth  of 
the  industry.  The  comparison  of  the  kinetic  energy  stored  in  the 
rolls  in  use  at  that  time  and  in.  the  rolls  built  by  him  shows  the  mag- 
nitude of  his  step,  while  other  iMiilders  of  these  machines  were  merely 
creeping  along  from  one  size  to  tlie  next. 
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Mr.^Mason's  comparison  of  the  maximum  size  of  rock  fed  to  a 
gyratory  crusher  and  to  a  set  of  rolls  is  slightly  unfair  to  the  former 
machine.  The  largest  gyratory  crusher  built  at  the  present  time  has 
two  openings  48  in.  wide  by  approximately  9  ft.  long,  this  opening 
being  on  a  curve  somewhat  the  shape  of  the  letter  C  The  writer 
has  seen  a  piece  of  rock  fed  to  a  gyratory  crusher  of  the  42-in.  size 
whose  dimensions  were  approximately  3  ft.  by  5  ft.  by  9  ft.,  this  rock 
being  dropped  end  down  and  going  through  the  machine  as  though 
it  were  being  eaten  up.  The  writer  is  further  of  the  opinion  that  the 
maximum  sized  piece  fed  to  a  set  of  6  ft.  by  7  ft.  rolls  would  have  to 
be  more  nearly  7  ft.  in  diameter  than  a  7  ft.  cube  and  of  spherical 
shape,  to  have  it  turned  over  by  the  rolls  and  new  surfaces  presented 
for  crushing.  However,  in  the  writer's  opinion  such  a  set  of  6  ft. 
by  7  ft.  crushing  rolls,  will  take  a  larger  piece  of  rock  for  crushing 
than  any  other  machine  in  existence  in  the  world  today. 

In  Par.  11,  Mr.  Mason  describes  the  jiggling  onto  the  car  or  skip 
by  the  steam  shovel  operators  of  a  piece  of  rock  too  large  to  go  from 
the  teeth  of  the  dipper  through  the  dipper  itself.  The  writer  has 
seen  this  done  a  great  many  times  and  judges  that  in  some  quarries 
it  is  rather  difficult  to  prevent.  The  limit  of  size  of  rock  that  can  be 
economically  handled,  and  there  must  be  a  limit  somewhere,  is  in  the 
writer's  opinion,  the  biggest  piece  that  can  be  handled  through  the 
dipper.  The  steam  shovel  operators  like  to  make  a  showing  for  ton- 
nage and  efficiency  in  the  quarry  by  sending  up  to  the  crusher  as  large 
pieces  as  they  can  handle.  Occasionally  a  piece  which  is  too  big 
for  the  hopper  of  a  set  of  rolls  or  a  gyratory  crusher  is  sent  up,  which 
has  to  be  broken  or  blasted  or  returned,  causing  considerable  delay 
at  the  crusher,  which  together  with  the  expense  represents  a  larger 
cost  than  the  breaking  of  a  dozen  of  these  pieces  in  the  quarry. 
Damage  to  the  quarry  cars  or  skips  caused  by  dropping  these  big 
pieces  of  rock  is  also  troublesome.  The  kinetic  energy  in  the  piece 
of  rock  striking  the  car  compares  favorably  with  that  in  the  crushing 
rolls,  when  in  one  case  the  cars  are  smashed  and  in  the  other  the  rock. 
By  comparison  a  large  piece  of  rock  handled  through  the  dipper  can 
be  laid  in  the  car  very  gently. 

The  writer  has  examined  the  tachometer  record  of  test  K  very  care- 
fully and  does  not  understand  why  these  records  which  show  the  drop 
in  speed  of  the  two  rolls  so  clearly,  do  not  distinguish  between  the 
slugging  and  crushing  action.  It  may  be  that  Mr.  Mason  has  other 
charts  which  do  show  this,  and  it  would  be  interesting  to  have  his 
opinion  regarding  the  crushing  action  of  these  large  rolls  upon  large 
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pieces  of  rock.  A  piece,  perhaps  tiie  size  of  a  roll  top  deslv,  is  dropped 
into  the  rolls  and  is  first  subjected  to  what  may  be  called  a  slugging 
action,  in  which  it  is  tossed  around  in  the  hopper,  the  corners  broken 
off,  and  finally  shattered  into  pieces  small  enough  to  be  caught  within 
the  angle  of  nip  of  the  rolls.  The  second  or  crushing  operation  then 
takes  place  and  the  rock  caught  in  the  angle  of  nip  is  immediately 
carried  through  the  rolls  and  crushed  by  pressure  to  a  size  sufficiently 
small  to  pass  the  available  space  between  the  rolls. 

It  would  seem  that  the  maximum  tendency  to  vary  the  speed  of 
one  roll  in  relation  to  the  other  would  exist  in  the  slugging  action,  when 
first  one  and  then  the  other  roll  strikes  a  large  piece  of  rock;  while  in 
the  crushing  action,  as  Mr.  Mason  states  in  Par.  17,  the  action  of  the 
stone  in  passing  between  the  rolls  would  tend  to  gear  the  rolls  together,. 
in  other  words,  to  cause  them  to  rotate  at  the  same  speed.  The  curves 
plotted  from  the  tachometer  charts  show  an  almost  simultaneous 
drop  in  speed  during  the  slugging  action,  with  a  difference  in  time 
of  a  small  fraction  of  a  second,  while  the  recovery  of  speed  in  the  two 
rolls,  probably  after  the  bulk  of  the  crushing  action  has  taken  place, 
shows  a  much  greater  difference  in  speed,  the  curve  giving  apparently 
the  reverse  of  what  the  writer  would  suppose  the  action  to  be. 

In^Par.  21,  Mr,  Mason  gives  the  cost  of  repairs  per  ton  of  rock 
crushed,  which  the  writer  thinks  is  very  good.  He  has  seen  records 
of  lower  costs  of  repairs  on  gyratory  crushers,  but  as  a  partial  offset, 
it  must  be  remembered  that  they  will  not  take  pieces  of  rock  so  large. 
The  horsepower  required  in  the  rolls  per  ton  of  rock  crushed  is  also 
greater  than  the  gyratory  crushers,  but  the  same  partially  offsetting 
advantage  also  applies  here. 

The  questions  raised  in  Professor  Landis'  article.  Par.  12,  namely, 
how  much  does  it  cost  in  investment,  interest,  repairs,  depreciation,  etc., 
in  a  rock-crushing  plant  to  provide  means  for  crushing  the  few  larger 
pieces  of  rock  that  come  to  the  crusher  in  the  course  of  a  day's  operation, 
and  does  the  saving  affected  more  than  offset  the  additional  cost, 
must  be  answered  for  each  individual  case,  depending  upon  the  cost 
of  installation,  location,  the  desired  capacity,  the  kind  of  rock  and  the 
use  to  which  the  rock  is  put  when  crushed.  We  must  reach  a  limit, 
where  Mr.  Soper's  law  of  pivotal  points  or  decreasing  returns  will 
apply,  and  in  the  writer's  opinion,  this  place  has  been  reached  and  in 
some  cases  passed,  with  equipment  in  existence  today.  There  are 
probably  a  few  isolated  places  where  still  larger  crushers  could  be 
used  to  advantage,  but  he  considers  them  very  few  in  comparison 
with  those  where  the  larger  crushers  could  not  be  so  employed. 
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In  Par.  23,  Mr.  Mason  refers  to  the  crushing  strains  being  taken  up 
internally  because  the  rolls  act  as  an  anvil.  As  a  matter  of  fact,  the 
enormous  crushing  strains  do  not  reach  the  bearing  or  frame  without 
being  greatly  absorbed,  since  if  this  were  not  the  case  neither  would 
withstand  the  strains  that  would  come  upon  it.  It  is  a  question, 
however,  whether  the  gyroscopic  action  of  these  enormously  heavy, 
rapidly  revolving  rolls  does  not  do  a  great  deal  more  to  absorb  the 
crushing  strains  than  the  inertia  due  to  the  weight  of  the  rolls 
themselves,  irrespective  of  the  rotation. 

In  Par.  27,  Mr.  Mason  estimates  the  capacity  of  the  rolls  at 
55,000  tons  per  hour,  if  a  solid  stream  of  crushed  rock  were  de- 
livered from  the  rolls.  His  method  of  calculation  is  practically  the 
same  as  that  used  in  obtaining  the  capacity  of  smaller  smooth-faced 
rolls.  In  his  computation  the  writer  has  assumed  that  these  smaller 
rolls  were  filled  with  soft  plastic  clay  which  would  pass  between 
the  rolls  with  no  voids,  and  he  has  figured  the  contents  of  the 
ribbon  of  clay  that  would  be  wound  through  the  rolls  in  a  minute 
or  an  hour  in  cubic  feet.  For  rock  he  has  assumed  that  a  certain 
proportion  based  on  actual  practice  of  this  theoretical  cube  feet 
content  would  be  voids,  and  that  the  balance  would  be  crushed 
rock,  weighing  100  lb.  per  cu.  ft.  Thus  for  the  problem  in  hand, 
Mr.  MasjU  states  that  18,306  cu.  ft.  would  pass  the  rolls  in  one 
minute.  Assuming  nine-tenths  to  be  voids  and  one-tenth  rock,  as 
would  be  the  maximum  in  rolls  of  this  character  in  normal  operation, 
1830  cu.  ft.  of  rock  would  actually  pass  the  rolls,  which  at  100  lb. 
per  cu.  ft.,  would  be  91^  tons  per  minute,  or  5490  tons  per  hour. 

In  Par.  28,  Mr.  Mason  describes  a  means  of  cutting  off  the  cur- 
rent from  the  motor  driving  the  rolls  to  avoid  the  peak  loads.  I 
do  not  exactly  understand  how  this  operates,  assuming  the  motor 
to  l^e  an  induction  motor,  as  the  current  consumed  by  an  induc- 
tion motor  varies  inversely  in  speed,  that  is,  the  slower  the  speed, 
the  greater  the  current  consumed  and  the  power  output.  Thus, 
assuming  that  the  motor  was  not  disconnected,  the  rolls  would  not 
l)e  slowed  down  as  much  in  the  crushing  action,  on  account  of  the 
power  supplied  by  the  motor,  as  if  the  motor  were  disconnected 
during  the  crushing  action.  After  the  crushing  had  been  accom- 
plished, therefore,  in  the  case  of  disconnecting  the  motor  when  the 
current  was  turned  on  again,  the  motor  and  rolls  would  be  rotating 
at  a  slower  speed  than  if  the  motor  was  not  disconnected,  and  the 
peak  load  of  current  used  would  be  greater  until  the  rolls  had  l)eeii 
brought  up  to  speed  again. 
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Professor  Landis'  paper  gives  the  impression  that  mechanical 
engineers  engaged  in  the  cement  industry  have  not  done  so  much 
toward  developing  this  industry  to  the  highest  possible  state  of 
efl&ciency  as  they  should,  or  as  engineers  engaged  in  other  in- 
dustries have  done  during  the  same  period  of  time.  Thus  the 
figures  given  in  Par.  26  of  16  lb.  of  coal  required  theoretically  to 
burn  a  barrel  of  clinker,  as  opposed  to  90  lb.  of  coal  actually  used, 
seem  especially  bad;  but  upon  considering  what  these  figures  mean, 
and  comparing  them  with  the  efficiency  in  the  use  of  coal  in  railway 
locomotives,  steam  power  plants,  etc.,  they  appear  on  the  contrary 
to  be  exceptionally  good.  For  example:  a  locomotive  burning  4 
lb.  of  coal  per  h.p-hr.  at  12,000  B.t.u.  per  lb.,  uses  48,000  B.t.u.  per 
h.p-hr.,  while  theoretically  it  should  have  used  approximately  2540 
B.t.u.;  or  where  90  lb.  of  coal  was  burned,  theoretically  the  combus- 
tion should  have  been  4|  lb. 

Making  the  comparison  with  a  gas  engine,  using  1  lb.  of  coal  per 
i.h.p.  at  the  same  heat  value,  12,000  B.t.u.  is  used,  where  2540 
should  have  been  used;  or  where  90  lb.  of  coal  is  consumed  less  than 
20  lb.  should  have  been  used.  When  the  actual  amount  of  fuel  con- 
sumed in  locomotives  and  in  stationary  power  plants  is  compared 
with  that  used  in  the  cement  industry,  the  waste  by  comparison  is 
very  much  greater  in  these  other  industries  and  the  cement  engineer 
as  well  as  the  cement  chemist,  should  be  congratulated  upon  making 
so  excellent  a  showing  in  comparison  with  the  development  of  econo- 
mies in  other  industries  during  the  same  period  of  time.  Greater  fuel 
economies  are  desirable  in  the  cement  industry  and  I  think  every- 
one is  working  towards  this  end.  Engineers  engaged  in  other  indus- 
tries can  unquestionably  make  themselves  valuable,  by  pointing  out 
methods  of  economy  that  have  been  developed  in  their  own  line, 
with  all  the  details  of  which  those  engaged  exclusively  in  the  cement 
industry  may  not  be  familiar.  The  freer  the  interchange  of  ideas 
between  engineers  engaged  in  one  industry  and  those  engaged  in 
another,  the  better  for  both.  For  example,  the  question  of  dust 
collecting  in  the  cement  industry  is  more  or  less  in  its  elementary 
stages,  while  in  the  smelting  of  precious  ores  it  has  been  carried  to  a 
fine  point  and  there  are  ample  data  and  plenty  of  examples  available. 

The  point  made  in  Par,  12  of  Professor  Landis'  paper,  has  already 
been  referred  to.  Every  plant  manufacturing  cement  from  rock  has 
a  crushing  plant  in  connection  with  it  that  is  very  similar  to  a  great 
number  of  commercial  crushing  plants  in  existence  in  this  country  and 
the  problems  are  the  same  in  both  as  regards  the  size  of  the  largest 
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crusher.  There  is  no  question  but  that  it  can  be  overdone,  but  this 
does  not  seem  the  tendency  in  the  cement  industry.  There  seem  to  be 
very  few  cement  plants  that  can  afford  to  use  a  smaller  crusher  than 
a  No.  18  gyratory  with  two  36  in.  by  8  ft.  receiving  openings,  and 
unless  the  rock  is  mined  or  quarried  by  the  gloryhole  process,  or  lies 
in  ledges  so  thin  that  it  is  blasted  into  very  small  pieces,  no  cement 
plant  should  have  a  crusher  smaller  than  a  No.  12,  having  two  open- 
ings, 27  in.  wide.  While  it  may  be  true  that  only  a  few  pieces  of 
rock  will  come  from  the  quarry  more  than  36  in.  across,  it  is  equally 
true  that  a  great  many  are  only  a  little  smaller  than  this. 

In  Par.  13  Professor  Landis  states:  ''It  is  only  recently  that 
attempts  have  been  made  to  utilize  the  hot  gases  from  the  kilns  to 
perform  the  drying  of  the  mix."  Professor  Landis  would  seem  to  be 
mistaken,  as  several  installations  made  eight  or  ten  years  ago  are 
recalled  by  the  writer,  as  well  as  a  number  made  at  various  intervals 
since  then,  and  he  believes  this  has  been  tried  a  number  of  times  in 
Germany;  while  he  does  not  know  of  any  recently  made  and  working 
with  great  success.  The  difficulty  is  not  all  in  the  drying  of  the  rock, 
as  in  many  cases  this  can  be  done  easily,  but  in  the  hampering  of  the 
kiln  in  its  primary  function  of  producing  Portland  cement.  Any 
attempts  to  save  waste  heat  that  hamper  the  kiln  in  this  function  are 
ultimately  a  detriment.  This  has  been  the  greatest  drawback  to  the 
utilization  of  the  waste  gases.  Another  thing  that  must  not  be 
overlooked  is  the  fact  that  these  waste  gases  are  absolutely  inert  and 
do  not  contain  any  burnable  gases.  The  only  heat  value  they  possess 
is  that  due  to  their  temperature  alone,  and  they  put  out  any  auxiliary 
fire  with  which  they  may  come  in  contact  since  they  consist  of  a  very 
great  percentage  of  CO2  and  N.  It  would  be  interesting  to  know 
more  of  the  details  of  the  recent  installations  referred  to  by  Professor 
Landis  in  Par.  13,  as  the  writer  believes  that  a  way  will  be  discov- 
ered eventually  to  utilize  the  waste  gases,  which  carry  away  most  of 
the  heat  now  lost,  without  hampering  the  kiln. 

Par.  16  deals  with  the  value  of  the  impalpable  powder  produced 
by  the  grinding  machines  and  the  loss  of  this  powder  occasioned  by 
air  separation.  Both  air  separation  and  fine  screening  can  be 
carried  too  far,  but  either  are  advantageous  up  to  a  certain  point, 
since  by  taking  out  a  certain  portion  of  this  impalpable  powder  from 
a  grinding  machine,  it  prevents  the  cushioning  of  the  blow  of  the  grind- 
ing parts  which  results  when  the  machine  is  largely  filled  with  this 
fine  powder  and  prevents  the  grinding  of  the  coarser  particles. 

Par.  17  relates  to  the  wet  process.     Unquestionably  a  great  deal 
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can  be  learned  regarding  the  efficient  use  of  this  process  from  Germany, 
since  wonderful  strides  have  been  made  there  in  the  past  few  years. 
It  is  considered  at  present  by  some  of  the  eminent  engineers  to  be 
better  than  the  dry  process.  While  this  may  be  true  in  Germany, 
however,  this  country  has  made  such  wonderful  strides  in  the  de- 
velopment of  the  dry  process,  that  it  is  the  full  equivalent  of  and 
probably  a  little  superior  to  the  modern  wet  process  in  Germany. 

In  Par,  18,  Professor  Landis  refers  to  50  or  100  per  cent  of  water  in 
a  mass  of  ground  material  in  the  wet  process.  In  Germany  at  the 
present  time  what  the  thick  slurry  process  is  called  is  running  on  as 
little  as  25  per  cent  or  less  of  water. 

As  regards  storage,  discussed  in  Par.  20,  the  question  of  shutting 
down  everything  but  the  rotary  kilns  in  a  cement  mill  over  Sunday, 
in  order  to  establish  better  conditions  for  the  workmen,  is  just 
arising.  It  is  becoming  more  and  more  difficult  to  get  good  operators 
to  work  seven  days  a  week  all  through  the  season  and  I  believe  shut- 
ing  down  the  mill  on  Sundays  will  ease  the  labor  situation,  as  well 
as  permit  such  repairs  as  are  required  to  be  made  during  the  busy 
season,  without  loss  in  time  to  the  kiln. 

Par.  22  states  that  in  size  these  kilns  vary  from  60  ft.  long  and  5  ft. 
in  diameter  up  to  240  ft.  long  and  12  ft.  in  diameter.  There  are  kilns 
in  use  varying  from  one  size  to  the  other,  but  the  modern  cement 
plant  does  not  install  a  kiln  smaller  than  125  ft.  by  8  ft.,  and  150  ft. 
by  10  ft.  would  seem  to  be  very  much  nearer  the  standard  size  kiln 
that  will  be  installed  in  the  next  year  or  so.  Kilns  smaller  than  these 
are  now  considered  obsolete. 

In  Par.  23  the  sizes  of  kiln  stacks  are  discussed.  At  least  two  of  the 
better  manufacturers  of  kilns  have  now  carefully  established  sizes  of 
kiln  stacks  and  all  kilns  of  any  given  size  have  the  same  size  stack, 
which  is  properly  adapted  to  the  kiln  with  such  minor  modifications 
as  might  become  necessary,  depending  upon  the  location  of  the  plant, 
either  in  a  valley  between  two  hills  or  upon  an  open  plain. 

In  Par.  26  reference  is  made  to  the  saving  in  heat  in  the  rotary 
kiln  by  regeneration  in  an  undercooler.  The  installation  of  a  rotary 
cooler  immediately  under  the  kiln  is  an  ideal  one  where  it  can  be  made. 
The  writer  has,  however,  been  unable  to  figure  out  a  greater  fuel 
saving  than  approximately  5  per  cent,  the  amount  actually  borne  out 
in  practice. 

Regarding  the  saving  in  heat  lost  by  radiation  from  the  kiln  shells, 
without  questioning  its  desiralnlity  the  writer  has  found  heretofore 
that  the  extra  investment  required  to  conserve  the  small  amount  of 
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heat  that  can  be  saved  is  too  great  to  warrant  going  very  far  in  this 
direction,  unless  the  investors  are  satisfied  with  a  return  approximat- 
ing 7  per  cent  or  less  upon  the  money  invested.  A  great  many  people 
have  suggested  putting  a  covering  on  a  rotary  kiln  outside  the  steel 
shell.  This  cannot  be  done,  since  in  order  to  prevent  the  steel  from 
becoming  overheated  and  thereby  weakened,  the  heat  communicated 
to  it  from  the  brick  lining  must  be  radiated.  The  only  place  where 
insulating  material  can  be  put  is  inside  the  shell.  This  applies, 
of  course,  to  the  hot  end  only  and  this  is  the  only  part  of  the  kiln 
shells  where  excessive  radiation  takes  place.  As  a  matter  of  fact, 
the  question  of  diminishing  the  returns  upon  the  investment  is 
really  what  prevents  the  installation  of  a  great  many  of  the  so-called 
economies. 

The  cement  business  cannot  be  conducted  upon  a  very  narrow 
margin  at  the  present  time  on  account  of  the  fluctuation  of  the  price. 
Suppose  a  cement  plant  has  $1,000,000  invested  in  it,  is  earning  20 
per  cent  during  good  seasons,  and  the  investment  of  $500,000  more 
would  result  in  the  earning  of  7  per  cent  upon  the  extra  investment. 
The  earning  upon  the  entire  investment  would  then  be  15f  per  cent, 
and  this  extra  investment  therefore  appears  undesirable  in  an  indus- 
try where  the  earnings  may  be  decreased  15  per  cent  by  a  single  cut 
in  the  price. 

In  Par.  32  it  is  stated  that  the  Lehigh  region  is  producing  cement  as 
cheaply  as  any  district  in  the  country  and  cement  manufacturers 
have  to  strive  hard  to  cut  the  total  cost  at  the  mill  below  $0.55  to  $0.60 
per  bbl.  In  spite  of  the  natural  advantages  in  the  Lehigh  Valley, 
the  average  mill  cost  is  not  believed  to  be  so  low  as  in  some  other 
districts.  There  are  mill  costs  running  under  the  figures  named, 
but  there  seems  to  be  no  standard  method  of  calculating  the  mill 
costs.  Furthermore,  the  publishing  of  these  mill  costs,  which  are 
very  much  lower  than  the  ultimate  cost  is  not  fair  to  the  industry, 
since  cement  sold  at  $0.80  per  bbl.,  for  example,  would  seem  in  con- 
sequence to  carry  a  good  profit.  There  are  very  few  plants  in  this 
country  at  the  present  time  that  can  afford  to  sell  cement  continu- 
ously for  $0.80  per  bbl.  at  the  mill.  The  depreciation  of  the  equip- 
ment due  to  the  rapid  strides  in  the  industry  is  an  item  that  seldom 
shows  up  correctly  upon  the  cost  sheet.. 

Cement  manufacturers  are  more  liberal  with  the  interchange  of 
data  among  themselves,  both  as  regards  costs  and  details  of  opera- 
tion, than  any  other  industry.  To  that  fact  alon(>,  is  dut^  the  rapid 
development  and  improvement  in  an  industry  which  has  placed  the 
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United  States  in  the  front  rank  of  all  countries  producing  Portland 
cement,  while  15  or  20  years  ago  it  was  behind  all  the  great  Portland 
cement  producing  countries  of  Europe. 

ORAL  DISCUSSION 

Frank  B.  Gilbreth  asked  if  the  setting  of  cement  could  be  delayed 
in  any  way  without  injury.  It  would  be  very  helpful  in  connection 
with  building  construction  to  be  able  to  add  to  the  mixture  at  the 
time  it  is  mixed  wet,  something  that  will  keep  it  from  setting  for  four 
or  five  hours  without  injury. 

R.  K.  Meade^  replied  that  several  materials  can  be  added  for  this 
purpose,  of  wh;ch  gypsum  is  one  of  the  best.  Engineers  would  proba- 
bly have  to  use  it  in  the  form  of  plaster  of  paris.  Great  care  should 
be  exercised  in  adding  it  and  the  amount  to  be  employed  would  have 
to  be  determined  in  each  case  by  experiment.  Up  to  a  certain  per- 
centage plaster  slows  the  set  of  cement,  but  after  this  it  has  the  effect 
of  quickening  it. 

Cement  clinker  as  it  comes  from  the  kiln  will  set  almost  immediately. 
In  the  manufacture  of  Portland  cement  gypsum  is  added  to  delay  the 
setting,  but  if  too  much  is  used  the  cement  will  set  as  quickly  as  if 
none  had  been  added.  Hydrated  lime  could  also  be  used,  but  a 
larger  percentage  would  be  necessary,  perhaps  even  as  high  as  8 
or  10  per  cent.  Calcium  chloride  can  be  used,  about  the  same 
quantity  of  this  as  of  plaster  being  required.  Sugar  added  in  small 
quantities  would  delay  the  set  also,  but  this  is  said  to  be  injurious. 

W.  R.  Dunn,  in  reply  to  a  question,  said  that  the  waste  heat  from 
the  rotary  kilns  had  been  used  in  several  cases  to  heat  water  for 
boilers,  but  that  it  was  more  frequently  employed  to  dry  raw  material. 

Mr.  Dunn  stated  that  the  loss  of  cement  dust  from  the  stacks  of 
the  rotary  kilns  could  be  largely  but  not  entirely  prevented  by  the 
use  of  large  dust  catchers  at  the  end  of  the  kilns.  His  practice  showed 
this  loss  to  be  in  the  neighborhood  of  2  per  cent  and  at  times  as  low  as 
1  per  cent. 

H.  Struckmann  said  that  experiments  had  shown  that  from  5  to 
7  per  cent  of  the  material  was  lost  through  the  stacks,  and  that  it  had 
become  necessary  to  prevent  this  loss,  especially  where  the  cement 

^General  Manager,  Tidewater  Portland  Cement  Co.,  Baltimore,  Md. 
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plants  are  located  in  thickly  populated  districts.  A  solution  of  the 
difficulty  was  to  be  found  in  the  adoption  of  the  wet  process.  He  had 
never  seen  a  plant  employing  the  wet  process  discharge  as  much  dust 
from  its  stacks  as  the  average  dry  plant. 

The  problem  of  making  a  plant  operate  under  the  wet  system  as 
efficiently  as  the  dry  plants  is  comparatively  simple,  and  the  dust 
nuisance  is  here  practically  eliminated. 

The  small  amount  of  dust  lost  in  the  wet  process  can  be  reduced 
to  a  minimum  by  employing  proper  methods  for  injecting  the  slurry 
into  the  kiln.  At  the  present  time  the  slurry  is  delivered  to  the  kiln 
in  a  solid  stream,  permitting  the  escaping  gases  to  carry  part  of  the 
raw  material,  from  which  the  water  has  been  driven  off,  with  it.  If 
spray  nozzles  are  used,  similar  to  the  method  used  for  injecting  water 
into  jet  condensers,  the  gases  on  their  way  to  the  stack  would  pass 
this  spray  of  slurry,  which  would  arrest  the  dust  and  very  materially 
lower  the  temperature  of  the  waste  gases,  consequently  increasing 
the  efficiency  of  the  kiln. 

R.  K.  Meade  agreed  that  a  spray  nozzle  would  increase  the  effici- 
ency greatly,  but  he  thought  it  would  increase  the  loss  of  dust. 
He  believed  that  more  careful  attention  to  the  design  of  kilns  and 
stacks  would  help  to  eliminate  dust  with  the  dry  process.  The 
opening  from  the  kiln  to  the  stack  is  often  made  too  small,  and  the 
velocity  of  the  gas  is  thereby  greatly  increased  just  at  the  point  where 
the  raw  material  is  admitted.  With  lower  velocity  of  gas  at  this 
point  and  larger  dust  chambers  at  the  base  of  the  stacks,  much  less 
would  be  lost  than  is  now  the  case.  The  discharge  of  the  raw  material 
near  the  bottom  of  the  kiln  instead  of  at  the  middle  should  tend  to 
reduce  this  loss  also. 

C.  J.  Reilly^  stated  that  he  had  been  connected  with  both  the 
wet  and  the  dry  processes  for  a  number  of  years,  and  agreed  that  the 
material  does  not  become  dry  within  15  ft.  of  the  point  where  it  is 
admitted  to  the  kiln.  In  the  case  of  one  of  his  plants,  located  next 
to  a  factory  where  newly  varnished  furniture  was  placed  close  to  the 
windows,  it  became  necessary  to  eliminate  the  dust  nuisance  entirely. 
After  trying  many  other  methods,  the  problem  was  solved  by  putting 
an  ordinary  cactus  spray  into  the  stack  and  using  a  small  quantity 
of  water  under  ordinary  pressure.     As  the  gases  pass  through  the 

'Supt.,  Sandusky  Portland  Cement  Co.,  Syracuse,  Ind. 
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spray,  the  dust  is  caught  and  taken  to  the  bottom  of  the  stack  as 
sediment.  This  method  has  entirely  ehminated  the  emission  of  dust 
from  the  stacks  and  the  consequent  loss  of  finely  ground  raw  material. 

G.  P.  Hemstreet  thought  that  the  inference  might  be  drawn 
from  the  paper  by  Mr.  Griffiths  that  the  shaft  and  wheel  drive  was  to 
be  preferred  for  a  cement  plant,  or  for  any  similar  process  which  might 
be  described  as  a  chain  process,  that  is,  where  the  material  starts 
at  one  end  and  goes  through  a  series  of  machines,  a  stoppage  of  any 
one  of  which  would  hinder  the  entire  process. 

About  two  years  ago  he  was  about  to  design  a  large  stone-crushing 
plant,  and  had  under  consideration  both  the  shaft-driven  and  the 
electrically-driven  plant.  In  his  visits  to  a  number  of  cement  and 
stone-crushing  plants  and  installations  of  coal-handling  machinery, 
he  found  quite  a  difference  of  opinion  regarding  the  relative  merits 
of  the  two  types.  The  majority  of  the  men  in  charge  of  these  plants, 
however,  favored  the  electrically-driven  plant,  while  Mr.  Griffiths 
seemed  to  believe  that  this  type  is  not  as  efficient  on  the  B.t.u.  basis 
as  the  belt  or  rope-driven  plant. 

In  a  chain  process  there  are  other  things  to  consider  besides  the 
actual  operating  efficiency.  For  example,  on  a  large  line-shaft  several 
feet  long,  containing  a  number  of  clutches,  pulleys  and  rope  drives, 
any  trouble  with  one  of  the  drives  will  necessitate  the  stopping  of  the 
entire  shaft  or  the  throwing  out  of  a  large  clutch.  The  speaker 
mentioned  the  many  difficulties  experienced  with  clutches,  and 
and  asked  the  experience  of  others  present  regarding  the  value  of 
such  installations  as  compared  with  electrically-driven  plants. 

F.  L.  ScHWENCK  stated  that  the  manufacture  of  Portland  cement 
from  blast  furnace  slag  had  become  quite  prevalent  in  Europe,  and 
asked  whether  American  engineers  regarded  this  as  equal  to  Portland 
cement  made  from  other  materials. 

Wm.  M.  Kinney^  replied  that  two  kinds  of  cement  were  being  manu- 
factured from  granulated  blast-furnace  slag.  One,  Puzzolan,  or  so- 
called  slag  cement,  which  is  a  mixture  of  granulated  blast-furnace 
slag  and  slaked  lime;  the  other,  a  true  Portland  cement,  in  the  manu- 
facture of  which  a  definite  proportion  of  granulated  blast-furnace 
slag  and  limestone  is  first  finely  pulverized,  then  burned  at  a  high 

^Asst.  Inspc.  Engr.  Uaiver  ement  Co.,  Pittsburgh,  Pa. 
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temperature  (close  to  3000  deg.)  in  rotary  kilns.  The  resultant 
hard  clinker  is  ground  to  powder.  The  process  of  manufacturing 
Portland  cement  from  slag  and  limestone  is  identical  with  that  manu- 
factured from  natural  deposits. 

Over  7,000,000  bbl.  of  Portland  cement  manufactured  from  blast- 
furnace slag  and  limestone  were  used  in  the  United  States  last  year, 
being  more  than  9  per  cent  of  the  entire  Portland  cement  output  of 
this  country.  This  material  in  every  way  fulfils  the  standard  speci- 
fications for  Portland  cement  of  the  American  Society  for  Testing 
Materials  and  those  given  in  professional  paper  No.  28  of  the  United 
States  Army  Engineers. 

W.  S.  Landis  asked  whether  the  power  required  for  grinding  wet, 
plus  that  required  to  pump  the  mixture,  plus  that  required  to  stir 
it  up  in  the  agitator,  is  equal  to  the  power  required  for  dry  grinding. 

H.  Struckmann  in  reply  said  that  a  number  of  tests  had  shown  an 
average  saving  of  from  30  to  35  per  cent  in  power  by  grinding  wet, 
besides  a  much  better  fineness  of  the  material. 

A  great  many  plants  in  the  West  use  shale,  wet  clay  or  chalky  lime- 
stone for  raw  material,  containing  from  15  to  20  per  cent  of  moisture 
in  the  natural  condition.  To  drive  off  this  moisture  preparatory  to 
grinding  the  material  dry  recjuires  as  high  as  300,000  B.t.u.  per  bbl. 
In  such  cases  there  is  no  question  but  the  wet  process  is  the  more 
economical,  provided  the  kilns  are  long  enough  to  take  care  of  the 
burning  as  well  as  the  drying  process  in  one  operation. 

The  relative  merits  of  the  wet  and  dry  process  may  be  illustrated 
by  the  development  which  has  recently  taken  place  in  Europe, 
when  practice  has  been  directed  towards  fuel  economy,  the  most 
important  item  in  the  cost,  and  where  the  gradual  gain  of  the  wet 
process  would  indicate  its  merits. 

C.  J.  Reilly  referred  to  the  statement  in  the  paper  l)y  Professor 
Landis  regarding  the  abandonment  of  the  air  separator  in  grinding 
raw  materials,  agreeing  that  the  old  method  of  separating  by  air  is 
obsolete  and  worthless  for  the  purpose  there  intended,  but  citing 
a  case  in  which  he  had  foimd  a  new  method  quite  useful.  In  grinding 
a  hard  Trenton  rock  and  silicious  clay  so  that  92  to  94  per  cent  passed 
a  200-mesh  sieve,  it  was  found  impossible  in  the  ordinary  way  by 
using  screens  to  get  the  output  with  a  reasonable  amount  of  power. 
An  experimental  plant  was  installed,  and  air  separation  tried  in  con- 
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nection  with  a  standard  mill,  with  the  result  that  the  grinding  was 
found  to  be  as  good  as  on  any  modern  mill,  although  the  power  con- 
sumption was  35  per  cent  less  than  has  yet  been  accomplished  in  the 
cement  industry.  The  new  method  has  improved  the  quality  of  the 
material  over  that  coming  from  the  tube  mills,  this  new  device  being 
applied  to  the  Fuller  mills  and  entirely  eliminating  the  tube  mills 
formerly  used  for  the  purpose. 

W.  B.  RuGGLES  said  that  he  had  recently  designed  a  3000-bbl. 
mill  in  which  all  the  materials  were  separated  by  air.  Ten  Raymond 
mills  were  installed  and  gave  a  product  of  96  per  cent  through  a  100- 
mesh  sieve  and  91  per  cent  through  a  200-mesh  sieve.  The  cost  of 
quarrying,  transporting  the  materials  through  the  mill  on  an  aerial 
tramway,  crushing,  storing,  removing  from  storage,  drying,  grinding 
with  Williams  mills,  pulverizing  with  Raymond  mills,  and  delivering 
to  the  bins  of  the  rotary  kilns  is  $0 .71  cents  per  ton. 

W.  R.  Dunn  announced  that  a  committee  had  recently  been  formed 
at  a  meeting  in  New  York  City  to  conduct  investigations,  compile 
reports,  secure  professional  papers,  and  conduct  meetings  in  the 
interests  of  the  cement  industry,  under  the  auspices  of  The  American 
Society  of  Mechanical  Engineers.  This  committee  would  later  be 
completed  by  the  addition  of  representatives  of  each  of  the  important 
cement-producing  districts  in  the  United  States  and  Canada,  the  best 
available  man,  whether  a  member  of  the  Society  or  not,  being  selected 
in  each  case.  The  Association  of  American  Portland  Cement  Manu- 
facturers and  a  large  number  of  individuals  and  companies  have 
expressed  their  willingness  to  cooperate  in  this  work.  Through  the 
building  of  new  plants  and  the  rapid  extension  of  old  ones  to  the  neglect 
of  the  technical  side  of  the  industry,  this  side  of  the  question  has  not 
developed  as  rapidly  as  it  should.  Now  that  the  output  has  caught 
up  with  the  consumption,  new  plants  will  not  be  built  so  rapidly,  and 
there  will  be  opportunity  to  develop  the  present  ones,  so  that  it 
seems  quite  possible  that  a  committee  representing  all  parts  of  the 
country  will  be  able  to  do  very  effective  work  along  this  line. 

E.  D.  Meier,  in  behalf  of  the  Society,  assured  the  cement  men 
present  that  the  resources  of  the  Society  would  be  placed  at  the  dis- 
posal of  the  industry  through  this  committee,  and  that  the  Society 
would  cooperate  in  every  way  possible. 
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CLOSUREi 

W.  S.  Landis.  The  cement  industry,  like  most  others  of  similar 
widespread  activity,  does  not  permit  of  standardization,  that  is,  a 
standard  mill  could  not  be  designed  to  fit  all  conditions  of  raw  ma- 
terial supply,  and  it  is  thus  that  the  problem  of  the  wet  and  the  dry 
processes  has  arisen.  In  the  Lehigh  region  with  the  supply  of  an 
almost  homogeneous  raw  material,  the  dry  process  is  used  exclusively. 
In  certain  other  districts  of  the  country  the  raw  material  is  of  such 
irregular  composition  that  some  sort  of  receiver  for  adjustment  of 
the  mix  seems  almost  a  necessity  and  the  wet  or  semi-wet  process 
with  its  slurry  tanks  offers  a  solution. 

The  precious  metal  industry  has  furnished  us  with  abundant  infor- 
mation on  the  advantages  of  wet  crushing  and  grinding,  and  Mr. 
Struckman  has  given  in  his  discussion  of  my  paper  data  of  direct 
appHcation  in  confirmation  of  these  facts,  regarding  fuel  saving 
and  fine  grinding,  which  I  consider  to  be  the  most  valuable  con- 
tribution to  the  industry  in  many  years. 

Admitting  now  that  a  semi-wet  process  can  operate  with  approxi- 
mately 35  per  cent  water  and  that  the  raw  materials  as  received  at 
the  mill  contain  5  to  10  per  cent  water,  the  question  arises,  is  it 
most  advantageous  to  dry  this  material  and  grind  it,  or  to  add  20 
to  30  per  cent  more  water  to  it  and  then  dry  it  in  the  kiln;  or  is  the 
total  cost  of  agitating,  pumping  and  drying  in  the  kiln  less  than 
that  of  advancing  to  the  same  stage  of  product  in  the  dry  mill, 
allowing  of  course  for  the  difference  in  grinding  power?  An  engineer 
recognizes  as  absurd  the  statement  often  made  that  the  evaporation 
of  the  water  in  the  kiln  takes  no  fuel  because  the  gases  leaving  the 
kiln  are  hot  anyway.  Any  heat  used  in  the  kiln  for  drying  could 
be  employed  just  as  advantageously  in  raising  the  temperature  of 
the  dry  material  as  in  evaporating  water.  I  am  sure  that  all 
would  advocate  the  wet  process  did  the  raw  material  as  it  is  taken 
from  the  ground  contain  the  30  to  35  per  cent  water  demanded  by 
the  process,  but  where  water  is  actually  and  intentionally  added, 
a  different  phase  is  presented.  And,  to  complicate  the  question 
still  further,  we  must  note  that  certain  successful  mills  are  receiving 
wet  raw  material,  drying  it  completely,  grinding,  adding  water  and 
pumping  to  slurry  tanks  for  further  treatment,  as  in  a  true  wet 
process. 

'  The  closures  by  Messrs.  Mason  and  Griffiths  will  appear  later. — Editor. 
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I  think  Mr.  Van  Zandf  s  comparison  of  fuel  economy  in  the 
cement  industry  and  in  standard  power  practice  is  somewhat  over- 
drawn. A  good  steam  boiler  will  put  75  per  cent  of  the  heat  value 
of  the  coal  into  steam.  The  steam  engine  on  the  other  hand,  trans- 
forms into  work  only  about  20  per  cent  of  the  heat  in  the  steam 
supplied,  the  difference,  the  latent  heat  of  the  condensation  of  the 
steam  not  being  transformable  into  work  in  the  steam  engine. 
Thermodynamics  teaches  us  that  this  latent  heat  of  condensation, 
amounting  to  approximately  60  per  cent  of  the  calorific  power  of 
the  coal  burned  under  the  boiler,  will  never  be  available  to  the 
steam  engine,  no  matter  to  what  stages  engine  ('esign  may  be 
developed.  If  Mr.  Van  Zandt  will  leave  out  of  the  question  this 
latent  heat  and  examine  the  work  of  the  mechanical  engineer  with 
respect  to  the  transformation  of  the  rest  of  the  heat  he  will  have  a 
different  comparison.  The  latent  heat  (reaction  heat)  in  the  case 
of  the  cement  kiln  amounts  to  only  18  per  cent]  of  the  calorific 
value  of  the  coal  burned. 

In  the  case  of  the  gas  engine,  the  comparison  is  more  favorable. 
A  good  gas  producer  will  put  85  to  92  per  cent  of  the  heat  value  of 
the  coal  burned  into  gas.  The  engineer  has  been  too  busy,  however, 
perfecting  an  engine  that  will  run  to  spend  much  time  on  the  econom- 
ical side.  I  firmly  believe  that  in  the  next  ten  years  the  efficiency 
of  the  gas  engine  and  accessories  will  be  very  markedly  raised. 

Mr.  Van  Zandt  in  discussing  the  use  of  the;  waste  kiln  gases  for 
drying  the  mix  has  called  attention  to  the  failure  of  the  system  ad- 
vocated in  the  paper.  As  this  question  has  been  brought  up  so 
often  and  the  failures  have  been  so  pronounced  it  demands  attention. 
In  the  installations  made  years  ago  an  ordinary  dryer  was  connected 
in  series  with  a  kiln.  The  draft  of  the  kiln  was  so  hindered  that 
fuel  could  not  be  burned  at  the  desired  rate  and  the  output  was 
thereby  greatly  reduced.  What  else  could  be  expected  where  a  4-ft. 
dryer  is  connected  to  the  end  of  an  8-ft.  kiln  (figures  somewhat 
exaggerated),  the  drier  being  heavily  loaded  with  rock  dropping 
through  the  free  space  leaving  no  room  for  the  great  volume  of  kiln 
gases?  The  free  space  in  the  drier  should  be  even  larger  than  that 
in  the  kiln  if  the  draft  is  to  be  preserved.  Had  a  10-ft  drier  of 
suitable  length  been  used  instead  of  the  smaller  one  no  trouble 
would  have  been  experienced.  There  is  such  an  installation  of  drier 
and  kiln  successfully  working  in  the  'Lehigh  region. 

Mr.  Van  Zandt's  reference  to  the  fuel  saving  by  the  use  of  an 
undercooler  opens  up  an  interesting  question.     The  simple  under- 
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cooler  costs,  in  many  cases,  less  than  the  elaborate  cooling  towers  so 
often  erected  to  dispel  the  heat  in  the  clinker  to  the  surronnding 
atmosphere.  Thus  its  use,  even  if  it  saves  only  5  per  cent  (1  have 
figured  it  out  higher  than  this)  of  the  fuel  is  worth  consideralion. 
Again,  if  che  cost  of  the  plant  is  a  serious  consideration,  there  is 
the  alternative  of  doing  away  with  either  system  and  discharging 
the  clinker  directly  from  the  kilns  into  a  car  fitted  with  a  water 
spray.  This  will  quickly  dissipate  the  heat,  slake  the  "free"  lime 
and  so  avoid  the  necessity  of  aging,  and  consequently  soften  the 
clinker,  saving  an  enormous  amount  of  power  in  the  finishing 
grinding.  If  properly  handled  the  clinker  can  be  made  to  dry 
itself.  I  have  never  quite  understood  why  more  general  use  of  this 
scheme  was  not  made. 


THE  PRESSURE-TEMPERATURE  RELATIONS 
OF  SATURATED  STEAM 

By  Lionel  S.   Marks,  Published  in  The  Journal  for  May 

ABSTRACT  OF  PAPER 

There  has  been  great  uncertainty  as  to  the  pressure-temperature  relations 
of  saturated  steam  in  the  range  from  400  deg.  fahr.  to  the  critical  temperature, 
owing  to  the  considerable  differences  between  the  observations  of  different 
investigators.  The  new  and  authoritative  work  of  Holborn  and  Baumann 
appears  to  have  covered  this  range  with  great  accuracy;  their  results  are  conse- 
quently presented  to  the  Society. 

With  this  new  material  the  pressure-temperature  relations  of  saturated  steam 
are  established  satisfactorily  from  32  deg.  fahr.  up  to  the  critical  temperature. 
It  is  found  that  these  relations  can  be  expressed  by  an  equation  of  simple  form 
based  upon  the  van  der  Waals  equation  of  corresponding  states.  The  values  of 
the  pressure  derived  from  this  equation  have  a  maximum  difference  from  the 
best  experimental  values  of  about  y^  of  one  per  cent  in  the  range  from  212  deg. 
fahr.  to  the  critical  temperature  (706.1  deg.  fahr.);  below  212  deg.  fahr.  the 
maximum  difference  is  0. 196  per  cent  at  50  deg.  fahr.  corresponding  to  a  pres- 
sure difference  of  0.00035  lb.  per  sq.  in. 

DISCUSSION 

W.  D.  Ennis.  If  in  Fig.  2  the  lengths  of  the  approximately  hori- 
zontal portions  of  the  curves  are  measured,  the  following  is  obtained : 
at  704.1  deg.  fahr.,  1|  squares;  at  705.3  deg.  fahr.,  3  squares;  at 
706.3  deg.  fahr.,  ^  square.  Since  the  critical  temperature  is  that 
at  which  the  horizontal  portion  becomes  zero,  the  inference  is  justi- 
fied that  that  temperature  is  not  far  from  706  deg.  The  706.1  deg. 
assumed  in  the  final  formula  in  Par.  19  has  a  sufficient  basis,  and  the 
old  value,  689  deg.,  is  certainly  too  low. 

Professor  Marks  may  perhaps  be  able  to  state  from  his  examina- 
tion of  the  Holborn  and  Baumann  research,  whether  the  abscissae 
in  Fig.  2  are  volumes  as  well  as  times.     If  so,  the  lengths  of  the  hori- 
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zontal  portions  of  the  curves  should  steadily  decrease  as  the  temper- 
ature increases.     The  measurements  given  indicate  that  they  do  not 
steadily  decrease. 
The  final  equation  for  pressure-temperature  is  in  a  particularly 

useful    form.     Numerical    values   for    the   derivative    -7-    may   be 

at 

obtained  therefrom  with  a  minimum  of  computation.  In  this  respect 
the  new  formula  is  far  superior  to  that  of  Thiesen  or  to  the  old  equa- 
tions of  the  form 

log  p  =  a— W  — ce° 

where  n  is  a  function  of  the  temperature,  or  even  to  the  Rankine 
equation  in  which  log  7?  is  a  function  of  the  —  1  and  —  2  powers  of 
the  temperature.  The  accuracy  of  the  equation  surpasses  its  con- 
venience, and  within  the  most  extreme  range  of  power  engineering 
the  agreement  with  recent  tabular  values  may  be  regarded  as  exact. 

R.  C.  H.  Heck.  Two  years  ago  the  writer  compared  various  data  as 
to  the  pressure  of  steam  at  high  temperatures,  and  traced  a  curve 
which  seemed  to  show  the  most  probable  trend  of  the  true  relation. 
On  the  appearance  of  the  Holborn-Baumann  determination  a  year 
later,  the  assumed  curve  was  found  to  be  well  justified  up  to  1000  lb. 
pressure,  or  to  550  deg.  fahr.,  which  is  about  as  far  as  there  is  any 
real  use  in  attempting  to  extend  the  steam  table.  The  whole  com- 
parison. Fig.  6,  seems  worthy  of  a  place  in  connection  with  Professor 
Marks'  paper. 

The  only  satisfactory  way  to  handle  such  a  discussion  is  to  take 
a  mathematical  formula,  the  simpler  the  better,  which  follows  the 
general  trend  of  the  experimental  values,  and  plot  the  small  depar- 
tures from  that  equation.  Following  Henning,^  the  formula  of  Thie- 
sen was  used,  with  some  modification.  It  is  preferably  written  in 
the  general  form 

log  ii  =  A  '-- '«  -  B  ('«  -  ')'  -i^-  "' U] 

Pn,  T  T 

in  which  p^  is  the  pressure  of  the  atmosphere,  t^,  the  corresponding 
temperature,  t^  the  critical  temperature,  taken  as  3G5  deg.  cent., 
or  689  deg.  fahr.,  and  T  is  absolute  temperature  at  t.  The  coefficient 
A  is  the  same  with  either  thermometric  scale,  but  the  centigrade 
value  of  B  must  be  divided  by  1.8^  when  changing  to  fahrenheit 
temperatures. 


nipciauuico. 
'  Annalen  der  Physik,  19 J7,  vol.  22,  pp.  609-630. 
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The  original  Thiesen  coefficients  were 

.4=5.3807,  5  =  0.508X10-8  (0.87106  X10-») 
The  writer  found  that  by  changing  these  to 

A  =  5.3807,  B  =  0.540 X  lO-^  (0.92593  X  lO"') . 
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Fig.  6    Comparison   op  Data  Relating   to  the   Pressure  of  Steam  at 
High  Temperatures 

an  almost  perfect  agreement  with  the  Holborn-Henning^  determina- 
tion from  100  to  200  deg.  cent,  was  secured,  as  appears  in  Table  5. 


i  Annalen  der  Physik,  1908,  vol.  26,  pp.  833-883. 
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In  what  follows,  equation  [l]  with  these  constants  will   be   called 
Formula  A. 
As  noted  in  the  paper,  Holborn  and  Baumann^  used  the  values 

4=5.3867,  5  =  0.5262X10-8 [4] 

and  obtained  excellent  agreement  with  the  experiments  below  200 
deg. 


TABLE  5    TRL\.L  OF  FORMULA   A 

Pressure  p,  In  Mm.  of  Mercury;  Column  HH,  from  Holborn-Hennlng  Table;    Column  Form,  by 
Formula 


t 

P 

P 

t 

P 

P 

Deg.  Cent. 

HH 

Form. 

Deg.  Cent. 

HH 

Form. 

110 

1074.5 

1074.53 

160 

4633 

4633.2 

120 

1488.9 

1489.00 

170 

5937 

5936.4 

130 

2025.6 

2025.71 

180 

7514 

7513.8 

140 

2709.5 

2709,67 

190 

9404 

9404.1 

150 

3568.7 

3568.77 

200 

11647 

11647.2 

As  a  foundation  for  the  comparison  in  Fig.  1,  the  first  or  principal 
term  of  the  second  member  of  Thiesen's  equation  was  used  to  calcu- 
late a  reference  pressure  p'.  The  coefficient  A  was  changed,  by 
trial,  with  the  purpose  of  keeping  the  range  of  data  near  to  the  refer- 
ence line,  and  was  fixed  at  5.52.     From  the  formula 


log|:  =  5.52'^'. 


[51 


were  computed  values  oi  p'.    Then  at  any  temperature  t  and  pres- 

.    P  . 
sure  p,  the  ratio  ~  is  plotted  to  the  scale  at  the  bottom  of  Fig.  1 ;  or,  in 

effect,  the  chfference,  p  —  p',  is  laid  off  as  a  fraction  or  percentage  of 
p',  the  latter  just  reaching  to,  or  being  represented  by,  the  verti- 
cal line  AA.  Thus  to  plot  differences  as  percentages  makes  the 
scheme  of  comparison  equally  sensitive  over  the  whole  range  of  tem- 
perature. The  scale  of  p'  will  give  an  approximate  idea  of  the  vari- 
ation of  pressure  with  temperature,  obviating  the  need  of  referring 
to  some  table  when  examining  the  diagram.  Naturally,  Formula 
A  would  have  given  a  preferable  reference  line,  but  the  work  was 
largely  completed  before  that  formula  was  established. 


lAnnalen  der  Physik,  1910,  vol.  31, p.  945. 
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The  various  data  are  named  on  Fig.  1  in  chronological  order,  and 
may  be  briefly  described  as  follows: 

Battelli^  fixed  two  sets  of  constants  for  the  Biot  formula  (the  one 
which  Regnault  preferred) 

log  p=a+6a*+c/3* [6] 

These  change  at  250  deg.  cent.,  but  the  plot  shows  that  the  two  sec- 
tions decidedly  fail  of  continuity.  With  the  upper  section  are  given 
the  experimental  points  on  which  it  was  based. 

The  Cailletet-Colardeau-  measurements,  from  225  deg.  cent,  up- 
ward, show  a  sudden  jog  of  about  1.5  per  cent  near  250  deg.,  then 
proceed  very  regularly.  With  these  points  is  traced  a  broken  line 
from  the  high-temperature  end  of  the  Marks  and  Davis  tables. 

The  Ramsay- Yojng^  experiments  run  only  to  270  deg.  cent.,  but 
are  entirely  consistent.  In  the  fixing  of  the  writer's  curve  they  were 
given  predominant  weight,  as  against  any  tendency  to  make  the 
curve  rise  to  the  Cailletet-Colardeau  plot. 

The  experiments  of  Knipp^  do  not  deserve  a  place  among  data 
worthy  of  serious  consideration. 

A  few  observations  reported  from  the  original  De  Laval  turbine 
works  at  Stockholm^  run  below  Formula  A,  or  the  extended  HH 
curve.  With  these  are  given  some  points  computed  from  the  Roche 
formula  (Regnault's  K),  recommended  by  Moss^ 

1  r    n 

logp  -  A ^ [i] 

where  A,  B  and  C  are  constants  and  T  is  absolute  temperature.     This 

evidently  runs  low. 

The  writer's  extended  curve  H  was  based  upon  the  modi  tied  Thie- 

sen  equation,  Formula  A.     The  latter  gives  the  dotted  curve  marked 

HH.     The  character  of  the  deflection  was  determined  by  adopting 

dv 
a  smooth  and  ffradually  increasing  departure  of  the  derivative  — • 

at 

from  the  range  of  vahies  computed  by  Formula  A,  then  working  back 

'Memorie  d.  reaie  Accad.  d.  Scienze  di  Torino,  1891,  vol.  41  and  1893, 
vol.  43. 

2  Annales  de  Chimie  et  de  Physique,  1892,  series  6,  vol.  25,  py).  519-534. 

'Phil.  Trans.  Ro}'.  Soc,  1892,  vol.  193A,  pp.  107-130. 

*  Physical  Review,  1900.  vol.  11,  pp.  129-1.54. 

'Engineering,  1907,  vol.  83,  p.  1. 

'Physical  Review,  1908,  vol.  26,  pp.  439-147. 
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to  the  primitive.  The  general  idea  was  co  parallel  the  trend  of  the  CC 
points,  and  to  aim  at  the  middle  of  the  group  of  B  points  near  the 
critical  temperature. 

The  Holborn-Baumann  experiments  are  plotted  as  points,  and  with 
them  is  drawn  the  curve  of  Marks'  adapted  van  der  Waals  equation, 
from  Table  3,  column  4.  Of  course,  this  last  determination  super- 
cedes all  others,  as  a  statement  of  scientific  fact.  The  writer,  having 
made  out  a  smooth  and  consistent  extension  of  the  steam  table  up 
to  550  deg.  fahr.,  is  gratified  to  find  that  the  absolute  error  at  this 
upper  limit  of  usefulness  does  not  exceed  0.25  per  cent.  A  difference 
of  1.25  per  cent  at  the  critical  temperature  and  the  raising  of  the 
latter  by  17  deg.  fahr.  can  be  viewed  with  equanimity. 

It  is  of  interest  to  note  that  Holborn  and  Baumann  measured 
pressures  with  a  weighted  plunger.  The  earlier  experiments  were 
made  with  a  closed  mercury  manometer;  at  very  high  pressures, 
the  compression  of  the  air  above  the  mercury  column  becomes  very 
much  the  major  component,  and  the  difficulty  of  precise  determina- 
tion increases  rapidly. 

The  Author.  The  author  is  glad  that  Professors  Ennis  and 
Heck  concur  in  his  opinion  that  the  pressure-temperature  relations 
of  saturated  steam  may  now  be  regarded  as  practically  settled  for 
all  purposes  of  the  engineer  by  the  investigations  reported  in  this 
paper.  It  is  now  possible  to  eliminate  from  the  steam  tables  one 
of  the  most  considerable  of  the  hitherto  existing  uncertainties. 

In  reply  to  the  question  of  Professor  Ennis,  the  abscissae  in  Fig. 
2  do  not  accurately  represent  volumes.  They  represent  times,  and 
the  times  depend  primarily  upon  the  rate  of  leakage  past  the  weighted 
plunger  which  was  used  for  measuring  pressures.  It  is  not  possible 
to  base  any  quantitative  deductions  upon  measurements  of  the  ab- 
scissae of  Fig.  2. 

It  is  interesting  to  see  that  the  conclusions  to  which  Professor 
Heck  has  come,  as  a  result  of  his  careful  examination  of  the  earlier 
investigations,  are  in  such  close  accord  with  the  latest  investigations, 
and  that  they  are  a  demonstration  of  the  value  of  such  analysis. 


RECIPROCATING  BLAST-FURNACE 
BLOWING    ENGINES 

By  W.  Tkinks,  Published  in  The  Journal  for  July 

ABSTRACT  OF  PAPER 

The  causes  for  the  gradual  change  and  progress  in  reciprocating  blowing-engine 
practice  are  set  forth.  An  elementary  study  of  valve  motion  is  given  and  the 
valve  gears  of  present  standard  American  practice  are  described.  It  is  shown 
that  these  engines  are  very  successful  at  the  speeds  for  which  they  were  designed, 
but  that  at  higher  speeds  they  cannot  be  used  successfully,  so  that  new  designs 
had  to  be  brought  out  in  order  to  meet  the  pressing  demand  for  higher  speeds 
and  lower  first  cost.  Two  American  designs  are  described.  It  is  shown  that 
these  valve  systems,  although  much  superior  to  the  so-called  standard  gears 
when  used  for  high  speeds,  have  not  yet  broken  with  the  idea  that  smallness  of 
clearance  is  required  for  economy,  whereas  German  builders  have  demonstrated 
that  by  the  use  of  multi-ported  plate  valves  large  valve  areas  and  economy  at 
high-speed  operation  can  be  obtained  in  spite  of  large  clearance.  The  foremost 
European  types  of  plate  valves  are  described  and  the  results  of  tests  are  given. 

It  is  pointed  out  that  the  bringing  up  of  the  piston  speed  of  the  blowing  engine 
to  the  standard  piston  speed  of  the  power  gas  engine  or  the  power  steam  engine 
reduces  the  first  cost  of  the  reciprocating  blower  and  that  the  combination  of 
the  high-speed  blast-furnace  gas  engine  with  a  high-speed  blower  constitutes  the 
most  economical  method  for  the  production  of  furnace  blast. 

DISCUSSION 

E,  T.  Child  (written).  In  Par.  7,  Professor  Trinks  refers  to  the 
difficulty  which  exists  with  all  poppet  valves;  namely,  the  fluttering 
of  the  valves  and  the  impossibility  of  bringing  them  promptly  and 
quietly  against  their  seats  at  high  speeds.  The  last  sentence  of  this 
paragraph,  which  states  that  in  ordinary  American  blowing-engine 
practice  poppet  valves  close  so  near  the  dead  center  that  for  all  prac- 
tical purposes  they  may  be  considered  as  closing  on  time,  without 
slipping  back  of  air,  is  true  only  when  poppet  valve  engines  are  run 
at  very  slow  speeds. 
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In  the  many  cases  in  which  we  have  taken  off  heads  equipped  with 
poppet  valves  and  replaced  them  with  heads  fitted  with  the  South- 
wark  sUding  valves,  the  dehvery  of  the  engine  has  been  increased 
from  50  to  100  per  cent,  through  eliminating  the  loss  due  partly  to 
leakage  and  slip,  and  partly  to  the  fact  that  the  engines  could  run 
efficiently  at  much  higher  speeds  than  they  had  been  used  to  running 
with  the  poppet  valves. 

In  Par.  14  and  in  several  subsequent  places,  Professor  Trinks 
speaks  of  obtaining  pressures  in  the  air  cyfinder  within  ^  lb.  of 
the  atmosphere.  With  Southwark  valves,  we  do  much  better  than 
this.  We  assisted  some  years  ago  at  a  series  of  tests  of  blowing 
engines  with  Southwark  valves  at  the  Lackawanna  Steel  Company 
in  Buffalo.  The  report  on  these  tests  was  as  follows:  At  mid- 
stroke   the   suction   varies   from   3   oz.   per    sq.    in.    at   45  r.p.m. 


StrueJi  Stop  Here 


VAoi. 


O^i  OZ. 


Ail-  Cylinder  Top  Eml ' 

Fig.  34    Typical  Indicator  Card  with  Southwark  Valves 


to  5^  oz.  per  sq.  in.  at  80  r.p.m.,  but  at  the  end  of  the  admission 
stroke  the  blowing  cylinder  is  filled  with  air  which  is  always  within 
1^  oz.  of  atmospheric  pressure. 

Fig.  34,  shows  a  typical  card  taken  during  these  tests.  The 
amount  given,  1|  oz.,  is  looking  at  the  matter  from  the  worst 
point  of  view.  It  seems  probable  that  the  pressure  in  the  cylinder 
at  the  end  of  the  suction  stroke  is  actually  equal  to  atmospheric 
pressure,  owing  to  the  fact  that  the  inertia  of  the  column  of  air 
rushing  through  the  inlet  valve  is  enough  to  make  up  for  the 
friction  loss.  This  is  the  more  likely  from  the  fact  that  the  South- 
wark inlet  valve  does  not  have  harmonic  motion,  but  remains  wide 
open  until  almost  the  end  of  the  stroke,  when  it  is  closed  very  rapidly 
by  a  cam.     We  are  informed  by  Mr.  Longacre,  chief  engineer  of  the 
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Ingersoll-Rand  Company,  that  he  has  frequently  found  that  the 
inertia  of  the  air  entering  through  well  designed  inlet  valves  is  more 
than  sufficient  to  overcome  the  friction. 

It  will  be  noticed  that  in  Fig.  34  a  very,  light  spring  was  used, 
which  does  not  show  the  top  of  the  card  at  all,  since  the  indicator 
struck  the  stop  before  reaching  the  pressure  at  which  the  blo\\'ing 
engine  was  delivering  air.  This  hght  spring  also  accounts  for  the 
vibration  at  the  beginning  of  the  inlet  stroke,  which  was  doubtless 
due  to  the  large  inertia  of  the  indicator  parts  as  compared  with  the 
strength  of  the  spring. 

In  connection  with  these  tests  at  Buffalo,  measurements  were 
made  by  two  methods  to  find  out  how  much  the  air  was  superheated 
at  the  beginning  of  the  compression  stroke.  This  was  found  to  be 
4  deg.  fahr.  in  the  worst  case  and  appeared  to  be  due  mainly  to 
the  contact  of  the  air  with  the  hot  cylinder  walls.  The  heating  was 
a  trifle  less  at  high  speeds  than  at  low  speeds,  which  shows  that  it 
was  not  due  to  friction  through  the  inlet  valve. 

In  Par.  20,  the  action  of  the  Southwark  valve  gear  is  described 
and  it  is  stated  that  the  actuating  cylinder  is  so  proportioned  that,  for 
a  given  speed  of  engine,  for  a  given  blast  of  pressure  and  for  a  given 
method  of  lubrication,  the  valve  opens  at  the  correct  instant.  In 
modern  Southwark  gears,  however,  there  is  a  check  valve  in  the  pipe 
leading  air  to  the  actuating  cylinder,  and  this  check  valve  is  held  shut 
by  the  pressure  in  the  blast  main.  Air  is  therefore  not  admitted  to  the 
actuating  cylinder  until  the  pressure  in  the  air  cylinder  becomes 
almost  equal  to  that  in  the  blast  main.  This  arrangement  overcomes 
the  defect  which  Professor  Trinks  speaks  of,  of  having  the  outlet 
valves  open  too  soon.  Also,  our  modern  valves  give  considerably 
greater  areas  than  those  mentioned.  They  provide  20  per  cent  for 
the  inlet  and  15  per  cent  for  the  outlet  whenever  these  large  amounts 
appear  to  be  desirable.  If  required,  these  amounts  can  be  made 
30  per  cent  and  20  per  cent,  respectively.  We  have  not  noted  any 
falling  off  in  the  popularity  of  this  valve  gear.  On  the  contrary,  we 
have  been  busily  engaged  taking  off  heads  of  other  design  and  sub- 
stituting Southwark  heads  at  many  furnace  plants  in  this  and  other 
countries. 

The  Southwark  gear  operates  as  satisfactorily  at  600  ft.  speed  as 
at  300  ft.  and  avoids  the  losses  due  to  tortuous  passages  mentioned 
by  the  author.  Regarding  the  wear  of  the  Southwark  gear  it  will  be 
noted  that  the  valves  do  not  move  under  pressure,  but  that  at  the 
moment  when  they  are  opened  and  shut,  the  pressure  inside  and  out- 
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side  the  cylinder  is  balanced,  causing  the  valves  to  float  when  moving. 
This  doubtless  accounts  for  the  small  amount  of  wear.  It  would  not 
be  possible  to  move  the  valves  under  these  balanced  conditions  if 
they  moved  with  harmonic  motion,  since  they  would  then  be  moving 
practically  all  the  time. 

The  performance  of  these  valves  is  indicated  by  the  record  of  16 
engines  installed  at  the  plant  of  the  Lackawanna  Steel  Company, 
Buffalo,  which  have  been  running  about  eight  years  at  60  r.p.m.  On 
liorizontal  gas  engines  in  Europe,  many  engines  run  80  revolutions 
continuously,  night  and  day,  and  any  speed  less  than  65  r.p.m.  is 
abnormally  slow.  Of  two  engines  96  in.  in  diameter  by  44  in. 
stroke,  running  70  revolutions,  one  ran  a  total  of  4475  hours  out  of 
a  possible  total  of  4525;  the  other  ran  4358  out  of  a  possible  total  of 
4452,  after  which  one  of  the  engines  made  a  non-stop  day  and  night 
run  of  over  five  months.  Such  results  speak  for  themselves,  and 
are  not  possible  with  engines  having  a  large  number  of  lifting  valves, 
some  of  which  are  sure  to  need  frequent  attention. 

We  do  not  agree  with  Professor  Trinks  as  to  the  quietness  of  the 
small  poppet  valves,  since  the  impression  we  have  received  from  all 
of  the  engines  so  equipped  is  that  they  were  making  a  great  deal  of 
noise. 

F.  E.  Cardullo  thought  that  builders  of  blowing  engines  could 
follow  the  lead  of  the  pumping  engine  manufacturers  by  using  a 
large  number  of  small  valves  of  about  3  in.  in  diameter  instead 
of  large  ones  of  18  to  20  in.  in  diameter,  which  must  be  mechanically 
operated  and  are  subject  to  unusual  mechanical  stresses  and  high 
temperatures.  These  large  valves  are  more  satisfactory  with  air 
than  they  would  be  with  water,  but  objections  are  of  the  same 
character,  and  with  high  speeds  are  of  the  same  validity  as  the 
objections  to  similar  valves  in  water  pumps.  Suitable  material  should 
be  used,  perhaps  steel  plates,  and  with  a  very  small  rise  almost  no 
fluttering  or  vibration  would  be  found.  On  account  of  the  great 
simplicity  of  construction,  such  valves  would  give  no  trouble,  and 
shutdowns  from  defective  valves  would  be  reduced  to  a  minimum. 

The  Author.  Professor  Cardullo  recommends  a  great  number  of 
small  valves,  but  there  would  be  no  novelty  in  such  a  design.  Four- 
teen years  ago  the  writer  saw  a  blowing  engine  with  an  almost 
countless  number  of  small  aluminum  valves  about  2|  in.  in  diameter, 
all  in  strict  compliance  with  the  ideal  of   Professor  Cardullo.  Yet 
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that  type  of  engine  did  not  survive,  partly  because  the  failure  of  even 
one  valve  of  that  size  demands  a  shutdown  for  repair,  just  as  it  does 
witli  larger  valves.  The  frequency  of  shutdowns  is  thereby  increased 
and  since  it  is  impossible  to  tell  definitely  which  valve  has  let  go, 
hunting  for  the  location  of  the  broken  valve  is  aggravating. 

The  comparison  with  the  water  pumping  engine  is  weak,  since  the 
great  number  of  small  valves  is  inseparable  from  excessive  clearance 
space,  a  condition  not  harmful  in  water  pumps,  but  impossible  for 
blowing  engines.  Finally,  the  question  of  frictionless  guiding  is 
much  more  difficult  for  small  valves  than  for  large  ones,  because 
flexible  members  for  small  valves  become  too  delicate  to  be  practical. 
The  suggestion  must  therefore  be  dismissed  as  impractical. 

The  first  paragraph  of  Mr.  Child's  discussion  is  rather  misleading 
because  (without  saying  so)  he  refers  only  to  the  high-lift,  non- 
mechanical  closed  poppet  valve,  found  in  very  few  American  blowing 
engines.  Mr.  Child's  remarks  do  not  apply  to  the  low-lift  plate 
valves  with  frictionless  guides. 

The  second  paragraph  is  also  ambiguous.  It  is  true  that  poppet- 
valve  cylinder  heads  have  been  replaced  by  Southwark  heads  and 
that  great  economies  have  been  obtained  by  the  change,  but  the 
poppet  valves  in  these  cylinders  were  of  antiquated  design.  The 
writer  does  not  know  of  a  single  instance  of  replacing  modern  low- 
lift  multi-ported  poppet  valves  by  a  Southwark  gear.  It  should  also 
be  noted  that  in  any  case  of  replacement  the  old  engine  is  usually 
worn  out  and  in  need  of  repair,  whereas  the  new  engine  which  takes 
its  place  is  in  first-class  condition.  As  a  proof  of  this  statement 
the  writer  wishes  to  offer  personal  knowledge  of  two  Southwark 
engines  which,  when  new,  furnished  the  wind  for  a  furnace  at  40 
r.p.m.  After  a  few  years  of  operation  these  same  engines  had  to  run 
at  55  r.p.m.  to  furnish  the  same  amount  of  wind. 

While  the  writer  values  the  receipt  of  the  information  that  South- 
wark engineers  have  made  an  attempt  to  correct  the  harmful  pre- 
opening  of  the  discharge  valve  at  slow  speeds  by  the  interposition  of 
a  check  valve,  he  feels  that  it  would  have  been  of  greater  value  to 
the  engineering  profession  if  it  had  been  available  at  the  time  of 
preparing  the  paper. 

Another  point  in  Mr.  Child's  discussion  needs  attention.  He 
states  that  Southwark  valves  do  not  move  under  pressure.  If  this 
were  true  they  would  have  to  move  through  the  lap  at  an  infinite 
velocity  and  no  valve  gear  can  be  designed  which  is  strong  enough 
to  accomplish  this  feat.     Cam  diagrams  will  show  the  untenability 
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,  •      .  ^         +      T+  w^ll  be  recoenized  that  time  for  motion  must 
of  his  statement.     It  will  be  recog  unavoid- 

breaks. 


TOPICAL  DISCUSSION  ON  INTER- 
CHANGEABLE PARTS 

THE  ASSEMBLY   OE  SMALL   INTERCHANGE- 
ABLE PARTS 

By  John  Calder,   Published   in  The  Journal  for  January 
ABSTRACT    OF    PAPER 

The  direct  labor  cost  of  assembling  small  interchangeable  parts  is  a  comj)ara- 
tively  large  item  in  light  mechanical  engineering  and  repetition  work. 

Economical  production  demands  that  easy  assembly  be  kept  in  view  at  all 
stages  from  the  design  of  a  mechanism  and  through  the  tooling  and  shop 
processes  to  the  delivery  of  the  unit  parts  to  the  assembler. 

The  paper  analyzes  and  illustrates  all  the  elemen.ts  which  should  enter  into 
the  producer's  calculations  and  outlines  the  works  organization  necessary  to 
secure  the  rapid  and  economical  production  of  suitable  unit  pieces.  It  de- 
scribes the  results  obtained  in  the  assembly  of  given  pieces  and  illustrates  the 
simple  apparatus  used  and  the  place  that  preliminary  time  and  motion  study 
have  in  assuring  that  the  shop  shall,  from  the  first,  begin  operating  upon  the 
assembly  of  the  mechanism  under  the  most  economical  conditions. 

THE  PROCESS  OF  ASSEMBLING  A  SMALL  AND 
INTRICATE  MACHINE 

By  Halcolm  Ellis,  Published  in  The  Journal  for  May 

ABSTRACT  OF  PAPER 

The  Ellis  adding-typewriter  is  a  combination  typewriter  and  adding  machine 
composed  of  about  3400  pieces.  To  secure  rapid  and  economical  assembling 
of  such  a  large  number  of  parts  a  very  elaborate  system  is  necessary.  Not  only 
is  the  machine  designed  to  be  assembled  in  sections,  but  these  sections  are 
divided  into  sub-sections,  small  groups  of  assembled  parts,  assembled  parts 
and  individual  pieces,  all  of  which  are  numbered.  All  the  parts  are  produced  by 
means  of  carefully  made  dies,  jigs  and  fixtures  so  as  to  be  interchangeable  with- 
out special  fitting.  During  the  manufacture  of  the  various  parts  a  record  is 
kept  of  the  successive  operations  on  each  one,  so  that  it  is  possible  to  tell  at  a 
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glance  what  stage  each  piece  has  reached  at  a  given  time.  The  sheet  on  which 
these  records  are  kept  is  called  the  operation  docket.  When  a  stock  of  parts  has 
been  produced,  each  section  and  sub-section  is  assembled  independently  by 
means  of  assembling  charts  and  photographs  of  the  parts  required  for  each  sec- 
tion. Numerous  illustrations  show  the  method  employed  and  various  stages  of 
the  work  from  the  production  of  the  parts  to  the  completed  machine. 


quantity  manufacture  of  small 
dp:vices 

By  F.  p.  Cox,i  Published  in  The  Journal  for  June 
ABSTRACT  OF  PAPER 

This  paper  deals  with  the  production  of  small  but  not  particularly  compli- 
cated devices.  It  assumes  that  the  apparatus  has  been  properly  designed  for 
economical  manufacture,  and  discusses  the  organization  of  the  shop. 

The  author  considers  it  essential  that  change  of  design,  except  at  stated  peri- 
ods, should  be  avoided;  that  the  responsibilities  of  the  different  assistants 
should  be  sharply  defined,  and  should  not  overlap;  that  stock  handling  is  of 
the  greatest  importance  in  order  to  avoid  interference  with  the  labor  cost, 
and  that  the  chief  function  of  an  organization  is  to  assist  the  workman  to  per- 
form a  maximum  of  work  with  a  minimum  of  effort.  Recognizing  and  fully 
believing  in  scientific  management,  he  contends  that  an  organization  should  be 
sufficiently  flexible  that  ability  in  whatever  form  it  may  be  found  may  be  used 
to  advantage,  and  in  no  case  should  the  man  be  sacrificed  to  the  system. 

DISCUSSION 

Hugo  Diemer  said  that  while  on  a  visit  to  the  plant  of  the  West- 
ern Electric  Company  several  years  ago,  he  was  shown  an  interesting 
feature  of  their  system  of  assembling.  In  connection  with  the  sched- 
uling of  stock  orders,  each  foreman  estimated  the  time  of  completion, 
and  after  the  work  was  done  he  was  given  a  percentage  rating  each 
month  based  on  the  accuracy  with  which  he  predetermined  the  time 
of  completion.  Certain  foremen  with  a  percentage  of  40  at  the  begin- 
ning of  this  practice  were  able  to  reach  a  standard  of  nearly  90  per 
cent.  He  wished  to  ask  Mr.  Puchta,  as  a  representative  of  the  com- 
pany, whether  this  was  merely  a  temporary  effort,  or  if  it  had  been 
continued,  and  whether  an  inducement  was  offered  to  these  foremen 
to  acquire  greater  efficiency. 

^  Meter  Dept..  General  Iillectric  Co.,  West  Lynn,  Mass. 
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Edward  Puchta  replied  that  the  i)hin  of  making  a  promise^  for 
the  completion  of  each  special  order  was  still  in  effect,  but  the  regular 
shop  schedules  were  placed  monthly,  and  it  was  expected  that  they 
be  completed  in  the  standard  time.  A  record  is  kept  of  the  estimates 
on  special  orders,  and  at  the  end  of  the  month  a  statement  is  prepared 
showing  how  many  of  these  promises  each  foreman  has  kept.  No 
especial  inducement  is  offered,  except  that  the  placing  of  one  fore- 
man's record  against  another's  brings  about  competition. 

C.  W.  RiPSCH  agreed  with  the  methods  stated  in  the  papers  for  the 
division  and  outline  of  the  work  for  the  proper  assembling  of  such 
machines  and  discussed  the  proper  methods  of  fastening  punchings  of 
rolled  steel  made  on  the  screw  machine  and  the  fastening  of  this 
combination  to  a  shaft.  The  present  method  of  ring  staking  and 
pinning  the  punchings  to  hubs  is  quite  often  a  failure  in  parts  which 
receive  much  pound,  as  the  pieces  loosen  after  continued  operation. 
Furthermore,  the  cost  of  ring  staking,  drilling,  pinning  and  lapping 
off  the  resulting  surface  is  great  whether  done  in  the  punching  and 
hub  separately  or  in  a  locating  fixture.  To  remedy  this  difficulty  he 
had  experimented  with  the  method  of  electrically  spot-welding  such 
parts,  which  serves  to  fasten  the  pieces  quite  securely.  A  chisel  is 
required  to  chip  apart  the  weld.  The  condition  of  the  metal  is  the 
same  except  for  the  slight  blueing  and  ridge  thrown  up  around  the 
welded  point  which  can  easily  be  lapped  off.  The  main  difficulty 
is  to  secure  a  point  small  enough  to  withstand  the  heat  for  the  smaller 
pieces. 

The  next  operation,  fastening  this  assembled  piece  to  the  shaft, 
is  usually  done  by  a  dowel  pin  located  either  centrally  or  to  one  side, 
or  by  two  pins,  one  on  each  side.  Owing  to  the  running  of  the  drill 
and  spring  due  to  driving  dowels,  the  pieces  will  not  be  interchange- 
able and  will  in  some  cases  reciuire  broaching  or  filing.  Mr.  Ripsch 
stated  that  he  had  failed  to  find  a  satisfactory  method  for  this  opera- 
tion which  would  permit  the  elimination  of  the  file  from  the  assem- 
bler's set  of  tools,  as  advocated  by  Mr.  Calder  in  Par.  17. 

A.  C.  Jackson  befieved  that  it  would  be  very  helpful  if  Mr. 
Calder  would  supplement  his  paper  by  giving  data  regarding  the 
percentage  allowances  on  different  classes  of  work  between  what  is 
considered  maximum  by  the  rate-setter  and  the  output  of  the 
average  day  worker. 


1058  INTERCHANGEABLE    PARTS 

Chas.  W.  Johnson  asked  about  the  methods  used  by  Mr.  Calder 
in  paying  the  demonstrators  who  did  the  prehminary  work  in  the 
rate-setting  department  before  turning  the  work  over  to  the  manu- 
facturing department.  He  wished  to  know  how  their  earnings  com- 
pared with  those  of  regular  workers,  and  whether  they  really  worked 
at  their  maximum  capacity. 

W.  J.  Kaup  asked  whether  it  was  not  true  that  the  1  est  men 
were  chosen  as  rate-setters  and  if  there  should  not  be  some  dis- 
count made  for  the  average  workman. 

N.  W.  Perkins,'  Jr.,  representing  Mr.  Ellis,  stated  that  they  had 
found  no  better  way  of  doing  this  work  than  the  methods  men- 
tioned by  Mr.  Ripsch. 

E.  PucHTA  (written).  Mr.  Calder's  paper  is  one  of  exceptional 
interest,  especially  to  those  engaged  in  the  manufacture  of  apparatus 
composed  of  small  interchangeable  parts,  where  the  assembling 
is  a  considerable  item  of  the  total  cost.  This,  of  course, would  vary 
directly  with  the  simplicity  of  the  design  and  the  reciuirements  placed 
upon  the  apparatus  to  insure  its  satisfactory  operation. 

About  twelve  years  ago  the  Western  Electric  Company,  which 
manufactures  a  large  number  of  types  of  telephone  apparatus  compris- 
ing some  75,000  separate  parts,  started  to  analyze  manufacturing 
problems  along  the  lines  advanced  in  this  paper.  The  first  step  was 
to  produce  interchangeable  parts,  which  involved  a  very  careful  study 
of  design,  as  well  as  of  manufacturing  methods.  Later,  attention  was 
directed  to  the  assembly  of  apparatus,  and  studies  were  made  to  deter- 
mine the  most  efficient  divisions  of  labor  in  assembly  and  to  develop 
tools  and  fixtures  which  would  enable  the  operations  to  be  performed 
with  the  greatest  facility.  Since  that  time  the  work  has  been  highly 
developed  and  all  the  elements  involved  in  introducing  new  designs 
are  thoroughly  analyzed  and  standardized  before  work  is  started 
commercially.  The  adoption  of  these  methods  brought  up  many 
interesting  organization  problems  ultimately  resulting  in  radical 
changes  in  the  organization  and  some  changes  in  personnel. 

It  is  of  interest  to  note  that  the  organization  developed  in  our  shops 
is  very  similar  to  that  shown  in  Mr.  Calder 's  paper.  There  are, 
however,  a  few  points  which  we  have  worked  out  differently  in  our 

^Engr.,  Ellis  A(l(l;ng-Tyi)ewriter  Co.,  Newark,  N.  J. 
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study  uf  the  pr()))lem.  For  instance,  the  supplying  of  raw  material  is 
entirely  under  the  control  of  the  purchasing  department.  Inasmuch 
as  the  interchangeability  of  parts  is  directly  dependent  upon  the  qual- 
ity of  the  raw  material,  the  organization  should  be  so  laid  out  that  the 
shop  can  control  the  quality  of  the  raw  material  by  furnishing  speci- 
fications and  by  inspecting  the  product  when  it  is  received,  to  make 
sure  that  all  manufacturing  requirements  are  fulfilled. 

No  provision  is  made  in  the  organization  shown  for  raw  material 
inspection  nor  for  the  inspection  of  tools,  which  we  have  found  is 
also  of  great  consequence.  Both  tool  inspection  and  raw  material 
inspection  should  be  closely  associated  with  the  inspection  of  parts,  so 
that  the  inspectors  in  these  divisions  may  be  kept  well  informed  in 
regard  to  shop  conditions.  These  two  departments,  as  well  as  the 
departments  inspecting  parts  and  finished  apparatus,  should  come 
under  a  common  head,  who,  in  turn,  should  report  to  the  superinten- 
dent. 

The  chart  provides  that  the  tool  designing  department  and  the  test- 
ing rates  and  methods  department  report  to  the  head  of  one  of  the 
branches  of  the  manufacturing  department.  Inasmuch  as  these 
departments  supervise  the  work  in  their  respective  lines  in  both 
branches  of  the  manufacturing  organization,  it  would  appear  that  they 
should  report  directly  to  the  man  to  whom  these  two  branches  report. 

With  an  efficient  organization  for  conducting  the  work  there  is  but 
little  doubt  that  the  fulfilment  of  the  ten  conditions  outlined  in  the 
paper  will  place  the  manufacture  of  apparatus  on  a  highly  efficient 
basis. 

In  our  shops  we  consider  the  design  of  a  part  with  reference  to  its 
economical  manufacture  as  well  as  quick  assembly,  referred  to  in 
condition  D,  of  such  great  importance  that  we  have  adopted  the  prac- 
tice of  analyzing  completely  and  discussing  each  design  with  the  heads 
of  all  departments  interested.  The  design  is  then  modified,  if  neces- 
sary, and  the  particular  features  which  have  been  found  to  be  objec- 
tionable, from  a  manufacturing  standpoint,  eliminated.  After  the 
designs  are  finally  determined  upon  and  working  drawings  completed, 
each  part  and  each  stage  of  assembly  are  carefully  analyzed  by  the 
tool  designing  and  methods  department.  After  the  various  methods 
are  balanced  against  each  other,  the  most  efficient  are  chosen  and 
the  general  design  of  the  tools  which  will  enable  the  operations  to  be 
performed  with  the  greatest  facility  is  decided  upon.  Upon  the  com- 
pletion of  the  tools,  and  after  they  have  been  inspected  and  approved 
for  quality  of  work,  they  are  carefully  studied  to  make  sure  that  they 
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will  permit  of.  the  operation  being  performed  with  the  greatest  dis- 
patch. If  satisfactory  in  this  respect  a  complete  time  study  is  made 
and  the  operators  arc  informed  of  the  exact  method  to  be  followed  in 
performing  each  step  of  the  work. 

The  principal  difference  between  our  method  and  that  proposed 
by  Mr.  Calder  is  that  our  department  which  corresponds  to  his 
testing  rates  and  methods  department  does  not  actually  run  the  job 
in  the  shop  to  determine  upon  time  allowances.  Our  practice  is  to 
have  the  tools  turned  over  to  the  operators  who  are  to  use  them  com- 
mercially, and  after  they  have  been  instructed  and  have  become 
familiar  with  them,  the  testing  rates  and  methods  department  make 
a  careful  time  study  of  the  job.  At  this  stage  the  final  time  allow- 
ances or  piece-work  rates  are  decided  upon,  after  having  carefully 
compared  the  rates  observed  with  those  previously  estimated  and 
with  established  rates  for  similar  operations. 

In  Tables  2  to  5  showing  the  assembly  work,  operations  seem  to  be 
included  which  do  not  properly  belong  in  such  a  department.  For 
example.  Stage  No.  1  in  Table  2  calls  for  a  reaming  operation  on  a 
unit  part,  which  apparently  could  be  better  done  in  some  manu- 
facturing department,  since  it  is  not  in  reality  a  part  of  the  assembly 
work.  A  number  of  similar  instances  occur  in  these  tables,  including 
tapping,  reaming  and  bending  operations. 

The  point  made  in  Par.  17  that  files  should  not  be  used  in  assembly, 
is  a  very  good  one,  since  in  prohibiting  the  use  of  them  the  quality 
of  workmanship  on  the  parts  has  been  greatly  improved. 

CLOSURES! 

F.  P.  Cox  in  reply  to  a  question,  said  that  in  the  conferences 
mentioned  in  his  paper  it  was  possible  to  get  honest  opinions  from 
leading  hands  quite  as  well  as  in  personal  conversation.  The  lead- 
ing hand  is  solely  responsible  for  his  own  operations  and  will  frankly 
discuss  them,  although  as  a  rule  he  is  more  reticent  about  operations 
other  than  his  own. 

John  Calder.  Referring  to  Mr.  Puchta's  remarks,  which  touch 
in  part  details  somewhat  outside  the  scope  of  the  paper,  the  purchas- 
ing, storing  and  issuing  of  raw  material  are  entirely  under  the  control 
of  the  purchasing  department  in  the  organization  illustrated,  but  the 
specifications  and  quality  are  not. 

!  Mr.  Ellis  (lid  not  desire  to  present  a  closure. — Editor. 
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The  chart  has  been  necessarily  curtailed  in  the  paper  and  illustrates 
especially  the  general  relation  of  otlu^r  departments  to  parts  assembly. 
In  particular,  the  general  and  departmental  inspection  system,  under 
the  chief  inspector  and  his  staff,  and  the  reporting  to  the  superinten- 
dent and  the  tool  engineer  on  the  condition  of  parts  and  of  tools 
respectively,  is  not  exhibited. 

The  difference  between  the  system  described  and  that  mentioned 
by  Mr.  Puchta,  where  the  rate  and  method  department  does  not 
actually  run  the  job  in  the  shop,  or  in  its  own  section  of  the  shop,  is 
a  vital  one.  It  is,  of  course,  the  author's  practice  to  watch  for  com- 
parison the  performance  of  ordinary  piece-work  operatives,  but  it  is 
the  very  essence  of  the  system  described  to  have  at  all  times  an  inde- 
pendent set  of  facts  and  figures  obtained  by  a  reliable  staff.  This 
practically  eliminates  the  delays  and  the  tedious  process  of  guessing 
involved  in  turning  over  untested  equipment  to  see  what  the  shop 
will  do  with  it. 

Even  the  best  of  shops  will  make  much  greater  progress  in  capacity 
and  arrive  quickly  at  more  economical  production  if  it  does  not  start 
to  manufacture  a  new  piece  in  the  dark,  with  only  tradition  and  cus- 
tom for  guides.  The  best  results  actually  demonstrated  by  experts, 
who  are  far  more  critical  and  resourceful  than  the  average  employee, 
should  be  used  from  the  beginning. 

Mr.  Puchta's  definition  of  assembly,  embracing  only  work  wholly 
performed  by  manual  operations,  is  rather  a  narrow  one.  Power 
aids  to  the  assembler  have  long  been  used  by  the  author.  The  com- 
pounding of  unit  pieces,  as  distinct  from  the  subsequent  process  of 
assembling  machines  described  by  Mr.  Ellis  in  his  paper,  should  not 
be  restricted  purely  to  hand  work. 

Many  slight  reaming,  tapping  and  final  setting  operations  can  be 
performed  properly  to  gage  only  when  the  finished  and  related  unit 
pieces  are  in  contact.  The  latter  are  often  finished  in  a  different 
manufacturing  department  from  that  in  which  they  originated  and 
the  provision  of  some  light  machine  tools  in  the  parts  assembly  room 
is  not  only  a  desirable,  but  very  economical  proceeding.  Other 
handling  and  transmission  delays  are  thus  eliminated  and  the  respon- 
sibility for  the  assembled  parts  placed  solely  on  the  foreman  and 
inspector  of  that  department. 

Referring  to  the  request  of  Mr.  Jackson  for  further  details  of  the 
time  and  study  system,  the  main  effort  is  directed  towards  finding  a 
sure  basis  on  which  to  determine  correct  methods  and  fair  piece  rates 
for  various  classes  of  task  and  ability.     Each  class  is  rated  on  a  per- 
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centage  allowance  of  the  study  time,  based  on  experience  but  usually 
10  per  cent  less  than  the  maximum  performance.  Thus  all  can  make 
a  fair  wage  and  the  exceptional  men  get  all  their  surplus.  The  latter, 
however,  does  not  compare  with  the  variations  under  premium  sys- 
tems. 

In  the  case  of  fast  assembly  on  very  light  work  by  male  demon- 
strators it  is  sometimes  necessary  in  rating  to  raise  instead  of  lower 
the  standard  performance,  as  in  the  case  of  the  greater  dexterity  of 
females  in  work  of  a  light  fingering  character  involving  no  mechanical 
skill. 

Answering  the  question  of  Mr.  Kaup,  it  is  not  easy  to  get  men  to 
fulfil  the  functions  required  from  a  time  and  method  study  depart- 
ment. In  fact,  there  is  nothing  easy  about  the  task  of  management, 
but  the  author  believes  that  the  outside  expert  is  not  always  the 
inevitable  or  the  best  solution  of  the  matter.  Most  plants  already 
contain  enough  men  suitable  for  this  work  if  trouble  is  taken  to  locate 
and  develop  them.  Such  men  when  organized  for  study  work  are 
paid  a  high  daily  rate,  without  reference  to  what  task  they  may  be 
engaged  upon  and  are  really  retained  for  their  potentialities.  It  is 
possible  to  determine  from  the  records  beyond  any  doubt  whether 
the  demonstrators  are  giving  efficient  and  consistent  service. 

The  effect  of  such  time  and  method  study  work  and  advance  crit- 
icism is  that,  if  a  body  of  operatives  be  given  an  entirely  new  job, 
they  know  the  management  is  well  aware  of  Avhat  can  be  done  and 
that  the  employer  has  carried  independent  criticism  of  his  own  plans 
as  far  as  practicable.  If  there  is  any  doubt  in  their  minds  as  to 
whether  the  rated  performance  can  be  accomplished,  a  demonstra- 
tion is  at  once  offered  and  the  matter  settled.  This  method  is  abso- 
lutely fair  to  all  concerned  and  under  these  conditions  the  test  is 
seldom  demanded. 

Confidence  in  the  work  of  the  demonstrators  is  based  on  the  integ- 
rity and  reliability  of  the  men  selected  and  on  the  ability  of  their 
supervisor  to  see  that  the  work  done  on  test  is  of  the  prescribed  qual- 
ity and  a  full  measure  of  their  powers. 

The  author  desires  to  express  his  agreement  with  Mr.  Cox  in  plac- 
ing as  much  stress  upon  the  development,  full  use  and  recognition  of 
able  assistants  as  upon  the  system  which  is  employed,  for  the  human 
element  is  half  the  problem.  At  the  present  time  there  is  a  tendency 
towards  too  great  rigidity  in  some  of  the  shop  systems  offered  for 
general  application.  It  is  not  a  recommendation  for  any  system, 
but  rather  the  reverse,  that  absolute  conformity  to  type  in  details 
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without  regard  to  the  problem  in  hand  and  the  great  amount  of  expe- 
rience already  acquired  from  it  are  insisted  upon.  The  best  shop 
management  is  that  which  will  draw  out  and  adequately  reward  the 
best  effort  of  everyone  concerned,  not  forgetting  the  employer,  and 
the  best  systems  for  so  doing  will  never  be  alike  in  any  two  cases 
though  the  principles  may  be  identical. 


POWER  FORGING,  WITH  SPECIAL  REFERENCE 
TO    STEAM -HYDRAULIC    FORGING    PRESSES 

By   Bahthold   Gerdau   and   Geouge  Mesta,   Published   in  The  Joxjknal 

FOR  July 

ABSTRACT  OF  PAPER 

Various  methods  of  producing  forgings  by  power  are  discussed.  Comparison 
is  made  between  forgings  produced  by  hammers  and  by  presses  with  regard  to 
quality.  The  particular  fields  for  power  hammers  and  presses  are  outlined.  The 
effect  of  the  blow  of  a  hammer  and  the  consumption  of  steam  per  working  stroke 
are  computed.  The  various  types  of  presses  are  discussed  with  a  view  of  deter- 
mining their  steam  consumption  under  equal  conditions.  The  computation  of 
the  steam  consumption  is  carried  out.  The  most  interesting  features  of  various 
steam-hydraulic  presses  are  illustrated. 

DISCUSSION 

J.  I.  Rogers.^  With  regard  to  the  assertion  in  Pars.  7  and  8,  that 
hammer  forgings  have  concave  ends  and  that  press  forgings  have 
convex  ends,  the  shape  of  the  ends  really  depends  more  on  whether 
the  hammer  is  heavy  enough  rather  than  whether  it  is  or  is  not  a 
hammer.  There  are  plenty  of  forgings  made  with  heavy  hammers 
that  have  convex  ends.  In  the  same  way  there  are  press  forgings 
which  are  apt  to  have  concave  ends  if  the  press  is  not  powerful  enough. 

In  Par.  18  direct-acting  presses  are  referred  to,  which,  acting 
directly  from  pumping  engines  using  fly-wheels  and  expanding  the 
steam,  have  been  in  very  successful  operation  in  this  country  in  the 
making  of  guns  and  armor  plate.  They  have  given  very  satisfactory 
service,  the  only  objection  being  the  great  cost  of  first  installation. 

In  Par.  22,  having  figured  that  there  is  about  240,000  ft-lb.  of  work 
to  be  done  on  the  forging  by  the  hammer,  Mr.  Gerdau  compares  the 
press  with  the  hammer  on  the  basis  of  the  work  necessary  to  accom- 
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plish  equal  physical  results  on  the  forging  being  the  same  with  both 
hammer  and  press.  I  believe  from  actual  experience  that  this  assump- 
tion is  incorrect.  The  amount  of  work  to  be  done  on  a  forging 
depends  upon  the  speed  with  which  it  is  done.  That  is,  a  hammer 
does  not  need  to  be  quite  so  large  as  a  press  because  it  works  at  a  differ- 
ent speed.  On  the  same  forging  the  actual  force  necessary  to  over- 
come the  resistance  of  the  metal  will  depend  on  the  speed  of  the  ham- 
mer or  the  press. 

In  some  experiments  on  two  10,000-ton  presses  (two  of  the  largest 
forging  presses  in  the  country)  one  of  the  direct-acting  type  and  the 
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Fig.  5    Comparison  of  Blows  Delivered  by  Press  and  by  Hammer 


other  of  the  intensifier  type,  all  conditions  were  made  as  nearly  alike 
as  possible  in  the  different  tests,  only  the  speed  at  which  the  press 
ran  being  changed.  When  the  work  was  done  in  50  seconds  it 
required  10,000  tons;  when  in  32  seconds,  only  6500  tons;  and  when  in 
17  seconds,  only  4000  tons,  in  each  case  this  being  the  total  pressure. 
Therefore  to  do  the  same  physical  work  on  the  hot  forging,  the  force 
necessary  depends  upon  the  speed;  that  is,  the  speed  with  which  the 
forging  is  compressed  after  the  die  first  touches  it. 

Fig.  5  shows  graphically  the  amount  of  the  pressure  or  the  force 
of  the  blow  deliverec'  by  the  pressure  of  the  press  or  by  the  ham- 
mer. The  ordinates  represent  the  pressure  of  the  press  or  the  force 
of  the  blow  of  the  hanmier  and  the  abscissae  the  distance  the  die 
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moves  in  accomplishing  the  work.  Taking  this  distance  constant 
for  means  of  comparison,  the  hammer  will  deliver  the  greatest  blow 
at  the  beginning  of  the  compression  of  the  forging  and  have  a  curve 
like  H.  The  press,  on  the  other  hand,  will  exert  its  greatest  pressure 
at  the  end  of  the  compression  of  the  forging,  starting  with  zero 
and  gradually  building  it  up  as  more  is  required  like  curve  A.  With 
a  more  slowly  moving  press  it  will  run  like  curve  B,  and  so  on. 

In  the  case  of  the  press,  the  resistance  offered  by  the  metal  is  at 
all  times  equal  to  the  pressure  exerted  by  the  die;  thus  the  areas  under 
the  curves  A  and  B  represent  the  work  done  in  the  two  cases.  In 
the  case  of  the  hammer  the  resistance  offered  by  the  metal  is  not  equal 
to  the  force  of  the  blow  delivered  until  the  end  of  the  stroke.  Thus 
the  area  under  curve  H  does  not  represent  the  work  done  by  the  ham- 
mer, this  being  represented  by  the  area  under  a  curve  H'  which  rep- 
resents the  resistance  offered  by  the  metal  to  the  blow  of  the  hammer. 
Accordingly,  we  cannot  say  that  the  amount  of  work  to  accomplish 
the  same  result  on  a  forging  is  the  same  in  all  cases.  In  addition 
to  the  speed  of  forging,  the  force  necessary  to  overcome  the  resist- 
ance of  the  metal  depends  upon  so  many  things,  such  as  the  tempera- 
ture of  the  forging,  the  composition  of  the  metal,  the  shape  of  the 
dies  and  the  condition  of  their  faces,  that  it  is  a  very  difficult  quantity 
to  figure  accurately. 

I  believe  that  the  press  and  the  hammer  has  each  its  own  field.  In 
the  selection  of  a  press  or  a  hammer  the  question  of  steam  consump- 
tion should  be  one  of  the  minor  factors,  the  most  important  requisite 
being  to  select  the  tool  that  will  make  the  best  forging  in  the  most 
efficient  way,  taking  into  consideration  the  speed  of  production,  the 
facilities  for  changing  dies,  etc.,  and  one  that  will  not  be  out  of  service 
under  repairs.  Each  case  must  stand  upon  its  own  requirements  for 
the  particular  work  in  hand. 

W.  E.  Hall.  Referring  to  the  computation  of  steam  consumption 
of  steam  hammers,  this  type  of  hammer  has  the  reputation  of  being 
a  steam  eater,  but  the  method  used  by  the  authors  gives  results  which 
seem  excessive.  Efforts  have  been  made  for  several  years,  but  with- 
out success,  to  have  placed  before  the  Society  some  comprehensive 
information  relative  to  their  steam  consumption,  etc.  The  only 
record  available,  so  far  as  we  know,  are  some  indicator  cards  (Figs. 
6  and  7)  taken  by  the  writer  some  21  years  ago,  which  are  quite 
incomplete,  but  do  throw  some  light  upon  the  steam  consumption. 

The  hammer  was  built  by  William  Sellers  and  Company,  and  the 
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nominal  rating  was  2  tons;  the  stroke  35f  in.  and  the  indicator  spring 
40  lb.  The  hannner  was  not  available  for  measuring  the  cylinder 
diameter  until  some  weeks  after  the  cards  were  taken.  This  dimen- 
sion (the  cylinder  having  been  rebored  one  or  more  times  after  instal- 
lation) was  subsequently  accidently  lost.  This  and  other  matters 
prevented  a  completion  of  the  investigation.  The  steam  for  the 
hammers  was  obtained  from  boilers  located  over  the  smith  shop  heat- 
ing furnaces  and  the  variation  of  the  work  in  the  furnaces  produced 


Top 


Fig.  6    Effect  of  Short  Stroke  not  Striking 


Top 


Fig.  7     Effect  of  Long  Stroke  Striking  Hard 

rather  abnormal  differences  in  the  boiler  pressures  for  the  different 
cards.  The  hammer  was  located  about  50  ft.  from  the  boilers  and 
was  operated  in  the  usual  way  by  a  hammer  man  under  the  guidance 
of  the  foreman. 

The  cards  are  presented  because  they  show  from  the  cut-off,  etc., 
that  the  basis  used  by  the  author  for  computing  the  steam  consump- 
tion would  seem  to  give  an  abnormal  result.  They  contain  some 
rather  interesting  features  such  as  the  effect  of  cushioning,  etc.,  and 
it  is  rather  unfortunate  that  there  seems  to  be  no  record  showing  the 
most  economical  method  of  distribution  and  the  most  efficient  way 
of  operating  such  a  widely  used  shop  appliance. 
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The  Author.  Mr.  Rogers'  contention  tluit  hammers  which  are 
very  heavy  in  proportion  to  the  size  of  the  forging  Avill  produce  con- 
vex ends,  is  correct.  The  size  of  hammers,  however,  has  kept  pace 
with  that  of  forgings,  which  fact  accounts  for  the  concave  ends  on 
hirge  forgings  made  by  hammers.  The  vibrations  of  the  ground  from 
hannners  large  enough  for  heavy  forgings  are  so  serious  that  the  use 
of  a  press  is  imperative.  A  heavy  hammer  is  better  than  a  hght  one 
because  the  former  owes  its  power  more  to  its  mass  and  less  to  its 
velocity.  The  action  during  contact  is  slower  than  that  of  the  light 
hammer  and  therefore  approaches  the  action  of  the  press. 

I  do  not  understand  the  inference  made  by  Mr.  Rogers  in  the 
second  paragraph  of  his  discussion.  I  have  never  denied  that  presses 
operated  by  crank  and  fly-wheel  pumps  are  in  successful  operation, 
but  I  have  stated  over  and  over  again,  that  the  direct-steam  hydraulic 
press  is  for  certain  processes  not  only  cheaper,  but  also  more  economi- 
cal. 

I  agree  with  Mr.  Rogers  that  the  work  required  to  shape  a  forging 
depends  upon  the  time  consumed,  but  I  cannot  assent  to  the  state- 
ment that  a  hammer  works  faster  than  a  press.  To  the  casual  ob- 
server it  might  appear  that  the  hammer  moves  faster,  but  while  it  does 
so,  most  of  its  fast  motion  is  used  for  getting  ready  to  do  work.  The 
press  consumes  practically  no  time  in  getting  ready,  and  does  work 
all  the  time.  It  may  be  interesting  to  note  that  the  forge  shop  of  the 
Mesta  Machine  Company  has  been  able  to  cut  the  time  on  forgings 
considerably  since  the  hammer  was  replaced  by  the  press. 

I  do  not  wish  to  discuss  the  correctness  or  incorrectness  of  Fig.  5, 
because  that  would  involve  a  theory  of  plasticity,  coupled  with 
dynamics  of  the  anvil  and  ground  or  soil.  While  my  own  experience 
leads  me  to  believe  that  these  curves  are  not  right,  I  cannot  disprove 
them  for  want  of  tangible  proof. 

Referring  to  Mr.  Hall's  discussion,  it  appears  to  me  that  the  cut- 
off like  shape  of  the  indicator  cards  misleads  him.  Both  cards  show 
a  great  deal  of  negative  work,  and  when  this  is  substracted  from  the 
positive  work  the  high  steam  consumption  per  unit  of  work  becomes 
apparent. 


GAS  POWER  SECTION 

TOPICAL  DISCUSSION  ON  LARGE  BLAST- 
FURNACE GAS-POWER  PLANTS 

A.  E.  IMaccoun.^  As  is  well  kno^\^l,  the  cost  of  a  gas  engine  is 
very  much  higher  and  the  space  required  very  much  larger  than  that 
for  a  steam  engine  of  the  same  power.  Some  have  tried  to  over- 
come this  great  difference  by  running  the  engines  at  excessivelj'  high 
speeds,  but  this  practice  cannot  be  recommended.  With  large  gas 
engines,  for  instance  an  engine  ^\dth  a  cylinder  48  in.  in  diameter,  it 
becomes  nearly  impossible  to  design  the  working  parts,  such  as 
cylinders,  piston  rods,  pistons,  frames,  crank  pins,  etc.,  sufficiently 
large  and  strong  and  to  fhid  material  good  enough  to  withstand  the 
enormous  strains  to  which  they  are  subjected.  Everyone  who  has 
operated  these  large  engines  knows  that  their  parts  are  continually 
subjected  to  fatigue  on  account  of  the  high  temperature  and  pressure 
conditions,  that  man\  cracked  pistons,  rods,  heads  and  cylinders 
have  resulted,  and  that  much  of  the  economy  gained  in  the  use  of 
fuel  has  been  lost  in  the  enormous  repairs  required  on  many  of  these 
engines. 

So  far  as  reliability  is  concerned,  although  they  may  require  more 
skilled  supervision,  excellent  results  are  being  obtained  at  many  plants. 
At  the  Edgar  Thomson  furnaces  of  the  Carnegie  Steel  Company" 
during  1910,  the  record  of  operation  with  the  percentage  of  time 
operated  during  the  year  was  as  follows: 

Per  Cent 
No.  1  blower,  horizontal,  twin-tandem,  Westinghouse,  38  in.  x  54  in.    ...  90.3 

No.  2  blower,  horizontal,  twin-tandem,  Westinghouse,  38  in.  x  54  in 90.0 

No.  1  electric,  horizontal,  twin-tandem,  Westinghouse,  40  in.  x  54  in. .    . .  75.87 

1  Supt.  of  Furnaces,  Edgar  Thomson  Steel  Works,  Carnegie  Steel  Co.,  Brad- 
dock,  Pa. 


Presented  at  the  Spring  Meeting,  Pittsburgh,  1911,  of  The  American  Society 
OF  Mechanical  Engineers.    All  discussion  is  subject  to  revision. 
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In  what  follows  some  important  points  are  dwelt  upon  relating 
to  the  design  of  gas  engines  and  some  of  the  changes  are  mentioned 
which  have  been  made  in  the  desigii.  of  the  Westinghoiise  gas  engine 
at  the  Edgar  Thomson  works. 

Cylinder  Design.  The  most  important  part  of  a  gas  engine  is  the 
cylinder  and  the  troubles  from  this  have  not  yet  been  completely 
overcome.  The  greatest  difficulty  is  due  to  cylinders  cracking,  thus 
allowing  the  water  to  leak  into  them,  seriously  interfering  with  the 
operation  of  the  engines.  To  prevent  this  great  care  must  be  taker 
to  provide  for  the  extreme  temperature  and  pressure  conditions  and 
the  cylinders  necessarily  have  to  be  very  carefully  water-jacketed  to 
prevent  unequal  expansion. 


^7>^7^ 


Joint 


Bu^luiiL 


Exhaust    1*^ — 


Fig.  1    Longitudinal  and  Cross-Section  of  Cylindeh 


Iron  and  steel  castings  have  been  used  for  these  cylinders  and  there 
is  still  a  difference  of  opinion  as  to  which  is  preferable.  I  greatly 
favor  the  steel  casting  on  account  of  its  greater  strength,  together 
with  its  thinner  walls;  thus  permitting  the  cooling  to  penetrate  closer 
into  the  cylinder  walls  and  reduce  the  temperature  of  the  walls  and 
also  help  to  prevent  the  fatigue  of  the  metal.  But  even  this  does 
not  eliminate  cracking.  Large  gas-engine  cylinder  castings  should 
be  made  as  plain  and  simple  as  possible,  and  preferably  in  halves  and 
bushed.  The  bushing  renders  a  new  cylinder  wall  available  at  a  cost 
much  less  than  boring  and  fitting  new  pistons,  from  time  to  time. 
The  bushing  should  be  easily  removable  and  not  require  the  removal 
of  the  cylinder  from  the  engine.  Both  casi-iron  and  cast-steel 
bushings  have  given  satisfaction. 

As  large  a  space  as  possible  should  be  allowed  for  circulating  water 
and  special  attention  should  be  given  to  the  bu  hings  connecting  the 
inner  and  outer  walls  of  cylinders  for  igniters,  air  valves,  etc.,  so  they 
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will  reiuaiu  tight  and  allow  for  the  difference  in  expansion  between 
tlie  inner  and  outer  walls  of  cylinders.  Fig.  1  shows  a  cast-steel 
cylinder  we  have  had  in  use  for  two  years  and  Figs.  2  and  3  sections 
through  the  exhaust  valve. 

The  limit  of  size  of  gas-engine  cylinders  is  very  uncertain  and  it 
looks  as  if  44  in.  in  dianietcT  should  ])v  aliout  the  maximum  un.til 
fm'ther  results  are  obtained  from  the  numerous  designs  now  being 
tried  out. 

Gas-Engine  Pistons.  The  design  of  the  piston  is  also  of  great  im- 
portance but  it  can  now  be  relied  on  for  any  size  to  which  the  cylinder 
can  be  carried.     Nearly  all  the  builders  are  using  cast  steel  for  large 


Exhaust  Pipe 
( Outlet  not      Water 
shown)        Passage 


Gasket 


Fig.  2    Cross-Section  of  Cylinder        Fig.  3    Section  through  Ex- 
THROUGH  Igniter  Holes  haust  Valve 

pistons.  They  should  be  made  in  one  piece  and  should  be  free  from 
all  parts  that  may  become  loose.  Fig.  4  shows  the  t>T3e  of  piston 
in  present  use,  made  from  cast  steel,  one  with  which  we  have  never 
had  any  trouble.  It  can  be  seen  that  it  approaches  a  sphere,  as  nearly 
as  is  possible,  which  gives  enormous  strength  and  also  allows  for 
expansion. 

The  number  of  rings  used  in  various  gas-engine  pistons  shows  that 
there  is  no  agreement  among  builders  regarding  this  feature  of  design. 
They  vary  from  three  to  eight,  from  snap  rings  to  the  more  elaborate 
sectional  rings  with  keepers.  We  prefer  not  to  exceed  four  rings,  of 
the  latter  type,  with  good  depth  and  wearing  surfaces.  The  rings 
should  not  be  dowelled  in  place  so  that  the  dowels  can  come  out  and 
cut  the  cylinders. 

It  is  unnecessary  to  state  that  the  pistons  should  never  bear  on  the 
working  bore  of  the  cyhnder;  all  this  weight  should  be  carried  by  the 
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rod  on  the  cross-heads  and  sHppers,  and  nothing  l)ut  the  pressure  due 
to  the  rings  should  be  on  the  cyhnder  walls. 

Piston  Rods.  It  is  a  most  difficult  problem  to  design  piston  rods 
strong  enough  to  stand  the  constant  stresses  and  strains  to  which  they 
are  subjected  on  large  gas  engines.  The  maximum  stress  on  a  section 
of  rod  due  to  the  explosion  pressure,  varies  from  about  6000  to  11,000 
lb.  pel  sq.  in.,  on  the  various  American  types  of  large  gas  engines, 
and  still  many  of  these  rods  have  failed  and  it  is  nearly  impossible 
to  increase  the  size  to  any  great  extent.  Some  are  as  large  as  13  in. 
in  diameter,  but  changes  that  have  helped  to  strengthen  them  to  some 
extent  have  been  made  in  the  design  and  material. 


Fig.  4    Section  of  Gas-Engine  Piston;  Rings  1  in.  by  If  in. 

There  are  two  general  methods  of  fastening  the  rods  to  the  cross- 
heads:  by  keys  through  rod  and  by  thread  and  nut,  or  clamp  over 
the  threads.  Both  keys  and  nuts  have  given  considera])le  troulile 
and  it  is  hard  to  say  which  is  the  better  type  to  use.  The  clamp  over 
a  thread,  or  other  recess,  seems  to  be  preferable,  as  it  does  not  inter- 
fere with  the  passage  of  the  water  from  the  end  of  the  rod. 

The  material  from  which  our  rods  were  first  made  was  nickel  steel, 
as  this  was  thought  to  be  the  best,  l)ut  we  found  it  very  unreliable 
for  this  particular  class  of  work  and  numerous  failures  developed. 
We  find  open-hearth  steel  of  the  following  composition  more  satis- 
factory : 

Per  Cent 

Carbon 0.45  to  0.60 

Manganese 0.45  to  0.60 

Phosphorus luuler  0.04 

Sulphur under  0.04 

Silicon 0.10  to  0.20 
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The  steel  is  heat  treated  and  has  the  follo\Aing  physical  properties: 
50,000  lb.  per  sq.  in.  elastic  limit;   95,000  lb.  per  sq.  in.  ultimate 


Shape  of  Oriijiiuxl^ 
Hole  in  Rod 


Plug  used  in 
Orijjiuul  Rod 


Brass  Witter  Outlet 
Connection 


Originul  Hole  in  Rod 
oiiown  by  Dotted  Lines 


Fig.  5    Section  showing  Piston  Water   Outlet  and  Main  Cross-Head 

Connection 


Inlet  Water  to  Pistou 

from  Arm  Clamped 

to  Rod 


Fig.  6    Section  showing  Water  Inlet  to  Piston 


strength;  12  per  cent  elongation  in  2  in.  No  trouble  has  been  ex- 
perienced by  the  wearing  of  piston  rods  made  from  this  material,  on 
account  of  their  softness. 

At  the  Edgar  Thomson  works  we  were  compelled  to  line  the  inside 
of  all  our  piston  rods  with  brass  tubing,  on  account  of  the  acid  in  the 
river  water,  and  we  have  had  excellent  results  from  this  practice.     In 
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fact,  nothing  but  cast  iron,  cast  steel  or  brass  should  come  in  contact 
with  Monongahela  River  water,  as  it  frequently  runs  very  high  in 
acid. 

We  were  compelled  to  abandon  all  holes  for  the  entry  or  outlet 
of  water  through  the  walls  of  piston  rods,  as  they  were  found  to  be 
very  convenient  places  for  cracks  to  start.  The  water  is  now  brought 
into  and  taken  out  of  the  ends  of  the  piston  rods. 

Figs.  5,  6  and  7  show  the  detail  construction  of  the  rods  and  con- 
nections at  present  in  use,  which  seem  to  be  satisfactory. 

Piston-Rod  Packing.  Very  little  trouble  has  been  experienced 
from  our  piston-rod  packing.  The  most  important  points  to  be 
watched  are  the  fire  rings ;  they  should  be  solid  and  there  should  be  a 
sufficient  number  to  reduce  the  explosion  pressure  before  it  reaches 


Water  Outlet 


Fig.  7    View  showing  Water  Connection  to  Tail  Rod 


the  packing  rings,  and  care  should  be  taken  to  have  a  sufficient  num- 
ber of  packing  rings  to  prevent  trouble,  as  the  increased  length  of 
stuffing  box  is  very  small  compared  with  the  troul)le  that  will  certainly 
occur  if  the  number  of  rings  is  reduced. 

It  is  necessary  to  have  sufficient  side  clearance  so  the  rings  can  float. 
For  this  0.005  in.  is  a  fair  allowance.  The  rings  should  also  be  fairly 
deep  to  allow  w(;ar.  From  present  indications,  our  piston-rod  pack- 
ing should  last  a  good  many  years. 

Cylinder  Heads.  At  first  we  experienced  some  trouble  from  cylin- 
der heads  but  by  changing  the  design  we  found  it  possible  to  make 
perfectly  satisfactory  cylinder  heads  from  cast  iron.  Figs.  8  and  9 
show  the  construction  of  the  cylinder  heads  on  our  Westinghouse 
engines. 
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Inlet  Valve  Gear.  There  are  still  many  im])roveinents  that  can  be 
made  ou  the  inlet  valve  gears  of  all  blast-furnace  gas  engines.  The 
essentials  are  as  follows: 

a  A  reasonable  percentage  of  dirt  in  the  gas  should  not  affect 

their  operation. 
b  The  wear  on  all  parts,  cams,  valves,  seats,  etc.,  should  be 
easilj''  compensated  for  in  their  method  of  adjustment. 


Fig.  8 


Section  of  Original  Cylin- 
der Head 


Fig.  9    Section  of  Cylinder 
Head  of  New  Design 


c  Ample  surfaces  should  be  allowed  for  all  wearing  parts,  to 
prevent  wear  and  distortion  of  the  valve  setting. 

d  The  adjustment  of  each  valve  on  the  engine  should  be  made 
so  as  to  be  independent  of  the  others. 

e  The  valve  gear  should  also  be  arranged  so  that  the  relative 
ratio  of  the  air  and  gas  ports  can  be  changed  either  indi- 
vidually or  collectively  and  very  quickly  to  suit  sudden 
changes  in  the  composition  of  the  gas. 


A  great  many  of  the  gears  in  use  fulfil  most  of  these  conditions,  but 
none  of  them,  so  far  as  I  am  aware,  satisfy  the  last,  which  is  a  most 
important  one.  By  meeting  this  condition,  many  of  the  experiences 
from  backfiring,  due  to  the  sudden  changes  in  the  quality  of  blast- 
furnace gas,  would  be  avoided. 
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There  are  two  general  systems  in  use  in  designing  valve  gears, 
namely,  the  constant-mixture  and  constant-compression  systems. 
We  have  found  the  former  the  better  for  all  load  conditions,  but  these 
two  systems  have  already  been  very  thoroughly  discussed.  In  a 
discussion  upon  a  paper  by  H.  J.  Freyn,^  I  gave  examples  of  cards 
from  an  experimental  gas  engine,  using  these  two  systems  of  governing. 
We  have  found  the  oil  relay  governor  most  satisfactory  for  operating 
inlet  valves,  on  account  of  the  large  amount  of  work  to  be  clone  and 
nearly  all  builders  are  adopting  some  modification  of  this  system. 

Exhaust  Valves.  Our  exhaust  valves  have  given  very  little  trouble 
and  do  not  have  to  be  ground  in  very  frequently.  We  at  first  expected 
a  great  deal  of  trouble  from  this  source  and  all  kinds  of  methods 


Pipe  tiled  away  to. 
allow  watei'  to  enter 
and  pushed  to  too  of 
Valve 


Collar  to  prevent  dirt 
getting-  on  Stsra 


H  in.  Bra'-s  Pipe 


4  -  >4  in.  Holes 
Water  Outlet 

Fig.  10    Exhaust  Valves 

were  arranged  for  changing  them  quickly.     Fig.  10  shows  the  type 
in  use,  which  has  proved  itself  to  be  entirely  satisfactory. 


R.  H.  Stevens^  had  not  prepared  a  paper,  but  said  that  at  the 
Carrie  furnaces  they  had  four  blowers  of  the  Allis-Chalmers  make, 
and  five  gas-electric  units,  three  of  the  Allis-Chalmers  make  and 
two  of  the  Bethlehem,  all  in  operation.  There  is  also  a  cleaning 
plant  in  connection  with  them.  The  gas  first  goes  through  an  im- 
pinging washer,  then  in  series  through  a  baffle,  a  fan,  a  screen,  and 
a  Theisen,  and  finally  into  the  engine-house.  A  total  efficiency  is 
secured  in  the  cleaning  of  over  99  per  cent,  the  dust  contents  being 

1  Trans.Ain.Soc.M.E.,  vol.  32,  p.  462. 

-  Mechanical  Engineer,  Homestead  Steel  Works,  Homestead,  Pa. 
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as  low  as  0.003  of  a  grain  per  cu.  ft.  The  engines  are  running  along 
about  110  to  120  cu.  ft.  of  gas  per  i.h.p.,  the  gas  running  from  85 
to  90  B.t.u.  The  fans  are  not  operated  in  connection  with  the 
cleaning  system,  the  gas  merely  passing  through  them. 

The  operation  of  the  gas  engine  has  been  fairly  successful.  The 
gas-electric  engines  have  been  in  shape  to  ojierate  95  to  98  per  cent 
of  the  time  but  the  demands  have  required  only  about  90  per  cent. 
Two  furnaces  have  been  operating  at  the  Carrie  furnaces  almost 
continuously  for  two  years  with  gas  blowers  without  any  assistance 
from  the  steam  units  in  the  station,  other  than  when  cleaning  the 
gas  engines,  as  there  is  no  spare  gas  engine. 

The  troubles  with  the  gas  engine  have  been  mostly  with  the  gears 
driving  the  lay  shaft,  with  piston  packing,  rod  packing,  soft  cast-iron 
cylinders,  governors  and  inlet  valves.  These  troubles  have  been 
met  and  overcome  as  they  occurred. 

A.  N.  DiEHL.^  A  blast  furnace  may  be  considered  as  a  producer 
in  which  some  of  the  carbon  monoxide,  produced  near  the  tuyeres,  is 
oxidized  to  carbon  dioxide,  thereby  robbing  the  original  gas  of  some 
of  its  power.  The  low  hydrogen  value  of  the  furnace  gas  allows  an 
explosive  mixture  capable  of  high  compression,  and  with  a  slow  propa- 
gating flame  makes  an  ideal  fuel  for  power  production.  At  the 
Duquesne  plant  of  the  Carnegie  Steel  Company,  we  consume  1  lb. 
of  coke  for  about  every  60  cu.  ft.  of  air  blown  in  actual  practice,  and 
produce  approximately  150,000  cu.  ft.  of  gas  per  ton  of  pig-iron  pro- 
duced, of  which  a  loss  of  10  per  cent  can  be  allowed  for  leaks.  About 
50,000  cu.  ft.  is  used  to  heat  the  blast,  and  the  remaining  85,000  can 
be  used  to  produce  steam  or  drive  the  blowing  engines;  any  excess  is 
available  for  other  uses. 

The  gas  from  the  top  of  the  furnace  varies  considerably  in  thermal 
value,  as  well  as  in  temperature,  moisture,  and  dust  content.  The 
normal  H  is  about  2  to  5  per  cent  and  CO  from  18  to  27  per  cent. 
These  figures  are  only  normal ;  very  often  we  have  higher  H  and  either 
higher  or  lower  CO.  The  dust  will  vary  from  1  grain  per  cu.  ft.  to 
25  or  30  grains  in  gas  from  a  slipping  furnace,  and  the  moisture  from 
15  to  35  or  40  grains  per  cu.  ft.  The  temperature  of  the  top  gas  will 
vary  from  250  deg.  fahr.  in  a  good  working  furnace,  to  1000  deg.  fahr. 
in  a  ftu'nace  working  irregularly.  The  normal  top  temperature  is 
about  500  deg.  fahr.     The  gas  after  leaving  the  furnace  first  passes 

1  Supt.  of  Furnaces,  Duquesne  Steel  Works,  Carnegie  Steel  Co.,  Duciuesne,  Pa. 
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through  the  dust  catcher,  where  the  heavy  particles  are  deposited  by 
their  own.  weight,  and  also  by  the  reason  of  the  chamber  being  large 
enough  to  slow  doAvn  the  gas,  thereby  allowing  some  dirt  to  fall  out. 

A  number  of  systems  of  gas  cleaning  have  been  proposed  from  this 
point.  The  gas  may  be  caused  to  enter  a  chamber  so  designed  that 
the  velocity  is  greatly  increased,  and  the  gas  and  dust  whirled  rapidly 
to  the  circumference,  where  vertical  Z-bars  are  located  to  catch  the 
dust  and  keep  it  from  getting  back  into  the  gas.  The  dust  falls  into 
a  pocket  below,  where  it  can  be  drawn  off.  The  system  referred  to  is 
the  Brassert-Whitting  type,  as  used  in  the  South  Chicago  plant  of 
the  Illinois  Steel  Company.  It  is  desirable  to  get  the  dust  out  dry  if 
possible,  as  it  is  saved  for  other  purposes,  while  removing  just  that 
much  material  and  heat  from  the  scrubbers  through  which  the  gas 
will  have  to  go. 

There  are  different  systems  of  preliminary  or  partial  wet  washing. 
In  some  cases  the  gas  is  passed  through  impinging  washers,  where  it 
is  rapidly  thrown  on  surfaces  of  water;  in  others  the  gas  is  sprayed, 
etc.  None  of  these  systems  are  very  efficient  unless  used  as  an  auxil- 
iary to  a  cooling  apparatus  for  the  removal  of  the  moisture,  because 
even  though  the  gas  should  be  more  or  less  purified  regarding  dust, 
its  temperature  is  so  high  that  the  gas  would  pick  up  moisture,  and 
the  good  effect  of  the  clean  gas  be  destroyed  by  the  excessive  moisture 
absorbed. 

In  case  the  gas  is  to  be  cleaned,  the  scrubbers  will  do  all  that  these 
cleaners  will  do,  and  will  in  addition  almost  completely  remove  the 
dust,  as  well  as  considerable  moisture.  In  some  installations,  the 
gas  is  passed  through  baffle  towers.  The  gas  enters  at  the  bottom  of 
the  tower  and  finds  a  tortuous  way  to  the  top.  Water  is  run  over 
these  baffles  and  drawn.  ofT  below.  From  the  baffles  the  gas  is  passed 
through  Zschocke  tower  washers,  which  have  stationary  sprays, 
located  at  the  top  of  the  tower,  and  a  succession  of  wooden  grids  over 
which  the  water  flows,  falling  from  one  to  the  other. 

A  numl)er  of  installations  use  baffles  and  one  or  two  Zschockes  in 
series,  then  pass  to  Theisen  horizontal  washers  for  fuial  cleaning. 
At  Duquesne  we  have  departed  somewhat  from  this  system  and  h&vv 
obtained  the  best  results  by  positive  and  repeated  spraying,  with  a 
tower  76  ft.  high,  12  ft.  in  diameter,  having  two  main  supplies  for 
the  water,  one  about  10  ft.,  the  other  about  40  ft.,  from  the  bottom  of 
the  scrulilx^r.  The  water  is  fed  in  each  case  into  a  valve  having  a 
motor-driven.  r(>voIving  core.  One  5-h.p.  motor  is  required  to  drive 
four  valves,  that  is,  two  scrubbers.     The  valves  are  located  outside 
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the  scrubber,  and  have  12  openings  which  can  be  used.  At  present 
we  are  using  only  six,  each  having  a  l|-in.  pipe  connected  to  the  dis- 
charge opening  in  the  valve.  These  pipes  run  into  the  scrubber  an.d 
are  so  located  as  to  si)ray  the  entire  area.  The  nozzles  on  the  end  of 
the  pipes  are  turned  vertically  and  a  screen  is  placed  about  6  ft.  above 
the  nozzles,  which  breaks  up  the  water  into  a  fine  rain  or  mist,  thus 
exposing  an  enormous  surface  to  the  gas  and  allowing  better  contact 
and  cooling. 

The  revolving  core  is  so  designed  as  to  blank  one  opening,  allowing 
the  water  to  floAV  through  the  remaining  five.  It  is  evident  that,  by 
its  revolution,  each  hole  will  be  blanked  in  succession,  causing  a  mo- 
mentary suspension  in  the  flow  of  water  from  this  nozzle,  the  other  five 
delivering  their  usual  flow.  The  result  of  this  water  suspension  will 
momentarily  cause  an  area  of  lesser  resistance  to  the  gas,  approxi- 
mately equal  to  one-sixth  of  the  area  of  the  scrubber,  which  will 
naturally  be  the  point  toward  which  the  gas  will  surge.  After  the 
gas.  has  surged  over  the  dead  nozzle,  and  is  travehng  upward  through 
the  scrubber  at  the  rate  of  4  ft.  per  second,  the  core  passes  the  opening, 
allowing  the  water  to  flow  once  more  at  a  velocity  of  about  60  ft.  per 
second.  The  water  sprays  through  the  volume  of  gas  above,  at  the 
same  time  tending  to  drive  the  gas  from  its  path  by  means  of  the 
higher  pressure  and  positively  driven  water.  The  gas,  being  under 
control  of  this  spraying,  and  continually  rising  toward  the  top  of  the 
scrubber,  is  repeatedly  sprayed  and  tends  toward  a  spiral  course,  by 
which  channeling  is  avoided.  We  have  found  that  15  r.p.m.  is  about 
the  proper  speed  for  the  core. 

The  upper  and  lower  valves,  which  operate  on  the  same  principle, 
are  driven  from  one  shaft  and  so  arranged  that  the  sprays  overlap. 
We  were  led  to  this  scheme  of  washing  gas  by  the  results  obtained  in 
our  scrubbers  as  originally  operated  with  a  revolving  spraying  device 
located  at  the  top.  The  water  after  leaving  the  top  of  the  scrubber 
was  deflected  by  the  different  velocities  of  the  gas,  so  that  a  continu- 
ous varying  regulation  of  the  quantity  of  water  and  speed  of  rotation 
was  required  to  maintain  a  uniform  rain.  In  spite  of  the  most  care- 
ful regulation,  however,  the  column  of  gas  surged  from  one  side  of 
the  scrubber  to  the  other,  the  column  practically  deflecting  the  drops 
of  water.  The  water  distribution  was  verified  by  numerous  distri- 
bution tests,  at  different  points  in  the  scrubber,  4  in.  apart,  covering 
the  entire  diameter,  by  means  of  a  movable  funnel. 

Drain  pipes  from  the  bottom  of  the  funnel  were  brought  to  the 
outside  of  the  scrubber,  where  the  water  was  collected  in  a  standard 
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measuring  vessel,  and  the  tiin(^  ttiken  for  the  water  to  fill  the  same. 
The  channeling  was  determined  by  puttin.g  powerfvl  incandescent 
lights  and  reflectors  inside  the  scrubbers  to  note  the  action.  The 
lights  were  so  arranged  that  the  inside  of  the  scrubber  could  be  seen 
through  a  corresponding  door  placed  over  one  of  the  man-holes. 
This  channeling  would  tend  to  keep  the  gas  and  water  from  coming 
in  close  contact.  This  is  further  borne  out  by  the  tests  in  Tables 
1  and  2,  showing  the  difference  in  temperature  of  18.1  deg.  between 

TABLE  1    COMPARISON  OF  DUST  DETERMINATIONS 

Grains  of  Dust  per  Cu.  Ft.  at  62  Dbg.  Fahr.  and  .30  In.  Heating  on  a  No.  4  Scrubber, 
Equipped  with  Motor-Driven  Positive  Spraying  Valve,  Compared  with  Similar  Deteu- 
.MiN.iTioNS  on  a  No.  8  Scrubber  Equipped  with  Spray  Pipe  and  Screens  at  Top 


Test  No. 

No.  4  Scrubber 

No.  8  Scrubber 

121 

0.21716 



122 

0. 19695 

123 

0.26964 

124 

0.26312 

116A 

0.34040 

117A 

0.332C8 

118A 

0.27540 

119A 

0.35895 

0.2367 

0.3282 

TABLE  2    COMPARISON  OF  COOLING  WATER  TEMPERATURES  AND  TEM- 
PERATURE OF  GAS  LEAVING  SCRUBBER    (TESTS  IN  TABLE  1) 


No.  4  Scrubber 

No.  8  Scrubber 

Inlet  Water               i          Outlet  Gas 

Inlet  Water 

Outlet  Gas 

76                      ,                  78.6 
76                                       81.4 
74                                         79.4 
74                                         78.5 
74                                         77.1 

79.0 
78.5 
79.0 
78.9 
79.0 

98.7 
99.0 
96.4 
97.8 
93.4 

Average 74.8                                     79.0 

78.9 

97.0 

Average  difference,  scrubber  No.  4,  4.2  deg.  fahr.;  scrubber  No.  8,  18.1  deg.  fahr. 
Average  gas  per  min.  through  scrubber  No.  4,  25,704  cu.  ft.;  scrubber  No.  8,  22,701  cu.  ft. 


the  inlet  water  and  the  outlet  gas,  against  4.2  deg.  on  positive  spraying 
under  the  same  conditions,  except  that  3000  cu.  ft.  more  gas  per  min- 
ute passed  through  the  latter  scrubber. 

Our  object  was  to  estabhsh  a  condition  of  intimate  contact  between 
the  water  and  gas,  and  this  is  shown  by  the  gas  entering  at  a  tem- 
perature of  350  to  400  deg.  and  coming  out  at  the  top,  at  about  4  to 
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5  deg.  above  the  temperature  of  the  cooling  water.  The  upper  part 
of  the  scrubber  is  sufficiently  large  to  allow  any  mechanically  carried 
water  to  fall  out  before  going  farther.  Our  moisture  tests,  taken  on 
the  connecting  line  from  the  scrubbers  to  the  clean  gas  main,  show 
the  moistm-e  in  the  gas  to  be  on  an  average  of  ^  grain  per  cu.  ft.  above 
the  saturation  point  at  the  temperature  of  the  gas.  Each  scrubber 
will  handle  25,000  cu.  ft.  of  gas  per  minute,  with  a  water  consumption 
of  about  815  gal.  for  the  same  period. 

This  will  give  30.6  cu.  ft.  of  gas  per  gal.  of  water  used.  The  gas 
enters,  from  an  average  of  a  large  number  of  tests,  with  3  grains  of 
dust  per  cu.  ft.,  at  an  average  temperature  of  350  to'  400  deg.  The  gas 
in  the  main  delivering  to  the  stoves  and  also  to  the  Theisens,  con- 
tains 0.19708  grains  per  cu.  ft.  This  figure  covers  an  average  of  150 
tests  during  the  past  year.  We  have  noticed  that  the  gas  delivered 
to  the  stoves  will  show  traces  of  moisture  when  the  temperature  of  the 
air  is  less  than  5  deg.  higher  than  the  temperature  of  the  gas.  If  the 
temperature  rise  is  greater,  we  have  no  deposition,  showing  that  the 
gas  is  comparatively  dry. 

The  gas,  after  leaving  the  Theisen,  contains  an  average  dust  con- 
tent of  0.00902.  This  is  an  average  of  about  the  same  number  of 
tests  mentioned  before.  The  capacity  of  a  Theisen  is  14,000  cu.  ft., 
although  more  can  be  put  through.  The  engine  builder's  specifica- 
tion, as  regards  dust  in  the  gas,  is  0.025.  The  Theisens  consumed  1 
gal.  of  water  per  56.1  cu.  ft.  of  gas  cleaned.  As  an  average  for  the 
past  year,  our  present  practice,  however,  is  as  high  as  70  cu.  ft.  per  gal. 

The  gas-cleaning  plant  consists  of  nine  tower  washers  for  the  rough 
cleaning.  This  makes  a  scrubbing  capacity  of  from  250,000  to  275,- 
000  cu.  ft.  of  gas  per  minute,  when  the  entire  plant  is  in  operation. 
The  gas  from  this  plant  is  divided  so  that  clean  gas  is  proxdded  for 
the  stoves  for  four  furnaces,  and  also  for  2000  b.h.p.  besides  the  gas 
sent  through  the  Theisen  for  six  gas  engines.  The  gas  is  delivered 
to  the  scrubbers,  in  a  brick-lined  gas  main,  8  ft.  6  in.  in  diameter,  and 
afterward  goes  through  a  10  ft.  6  in.  unlined,  riveted  and  calked  main, 
extending  to  the  fans.  The  gas  is  passed  only  through  one  scrubber, 
then  taken  through  a  fan  which  had  been  provided,  but  is  not  in  use 
at  present.  From  the  fan  it  is  passed  through  a  spiral  dryer,  or  sep- 
arator, which  will  tend  to  remove  the  mechanically  carried  moisture 
picked  up  in  the  fan,  and  any  dirt  which  might  be  thrown  out  in  its 
path  through  this  spiral. 

There  are  four  fans  rated  at  84,000  cu.  ft.  of  gas  per  minute  ca- 
pacity and  driven  by  a  200-h.p.  motor.     The  reason  for  not  using  the 
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fans  is  that  by  backing  up  the  pressure  in  the  dirty  gas  main,  sufficient 
pressure  can  be  obtained  to  drive  the  gas  to  the  point  of  combustion. 

The  gas  is  taken  from  the  clean  gas  main,  which  is  8  ft.  in  diameter, 
by  the  Theisens,  each  running  375  r.p.m.,  and  driven  by  a  150-h.p. 
motor.  It  then  passes  through  another  spiral  dryer,  into  a  7  ft.  6  in. 
rehned  gas  main,  leading  to  the  gas  engines. 

The  water  for  the  scrubbers  is  taken  from  the  main  pressure  system 
and  increased  10  lb.  by  means  of  two  DeLaval  centrifugal  lifting 
pumps.  The  dirt  and  water  from  the  scrubbers  is  collected  in  a 
central  sewer  and  run  into  a  settling  basin,  provided  with  baffles 
which  will  allow  the  dirt  to  settle  so  that  it  can  be  recovered.  The 
water  will  be  sufficiently  clean  to  go  into  the  river.  We  catch  an 
average  of  0.65  per  cent  of  a  car  load  of  dirt  in  the  settling  basin  per 
day.  The  settling  basin  is  divided  into  two  parts,  so  that  when  one 
side  is  filled,  the  water  can  be  diverted  to  the  other,  allowing  the  first 
compartment  to  be  cleaned. 

The  gas,  after  leaving  the  Theisens^  passes  into  the  engines  through 
a  small  gasometer.  The  object  of  this  gasometer  is  to  reduce  the 
pressure  to  about  2  in.  before  delivering  it  to  the  mixing  chambers 
of  the  engines.  The  gasometers  are  about  4  ft.  in  diameter  and  about 
4  to  5  ft.  high.  We  have  not  a  large  gasometer  such  as  has  been  used 
in  a  number  of  the  plants. 

The  gas-engine  equipment  consists  of  two  power  engines  and  four 
blowers.  The  engines  drive  2000-kw.  Crocker-Wheeler  generators, 
delivering  alternating  current  at  6600  volts.  The  lilowing  engines 
operate  Slick  blowing  tubs,  and  are  guaranteed  to  deliver  33,000 
cu.  ft.  of  air  at  62  revolutions,  against  22|  lb.  pressure. 

The  cylinders  are  42  by  60,  with  inlet  and  outlet  valves  on  the  side, 
the  total  horsepower  of  the  engine  being  given  by  the  builders  as  3600, 
using  furnace  gas  containing  80  B.t.u.  per  cu.  ft.  and  calculated  on  a 
mean  effective  pressure  of  from  55  to  60  lb.  This  mean  effective 
pressure  is  far  lower  than  we  have  obtained  in  some  tests,  but  in  most 
of  them  the  thermal  value  of  our  gas  has  been  between  90  and  100 
B.t.u.  The  outlet  and  inlet  valves  are  operated  by  noiseless  cams,  the 
inlet  valve  being  closed  by  a  heavy  spring,  and  the  outlet  valve  by 
compressed  air  at  about  25  to  30  lb.  The  engines  are  of  a  constant- 
mixture  and  variable-compression,  twin-tandem,  4-cycle  type. 

The  ignition  is  of  the  mechanical  make-and-break  type,  with  cur- 
rent supplied  from  storage  batteries,  two  spark  plugs  being  placed  in 
the  combustion  chamber  of  each  cylinder.  We  have  a  forced  feed 
lul  )ricating  system  operated  by  means  of  Richardson  oil  pumps.     The 
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oil  is  forced  into  the  cylinder  and  packing  cases.  The  packing  re- 
quires a  f(HHl  of  one  drop  of  oil  for  every  other  revolution  of  the  cam- 
shaft while  the  feed  of  the  cylinder  requires  one  drop  every  four  or 
five  revolutions  of  the  camshaft. 

The  engines  require  about  6  to  8  gal.  of  oil  every  24  hours. 
The  engines  are  cooled  by  means  of  water  circulation,  and  require 
about  6  to  7  gal.  of  water  per  horsepower.  The  temperature  of  the 
ingoing  water  is  from  50  to  75  deg.,  the  outgoing  from  120  to  160  deg. 
About  20,000  gal.  of  water  per  hour  is  being  used.  A  governor 
of  the  Lombard  design  controls  the  engine,  the  top  of  which  actuates 
a  small  pilot  valve  admitting  oil,  under  a  pressure  of  from  175  to  200 
lb.  per  sq.  in.  to  a  cylinder,  against  either  one  or  the  other  end  of  the 
piston  or  plunger,  about  3^  in.  in  diameter. 

The  plunger  is  connected  by  means  of  an  arm  and  lever  to  a  floating 
gear,  the  main  drive  of  which  is  taken  from  the  main  camshaft,  the 
upper  part  of  the  floating  gear  in  turn  driving  a  small  shaft  from 
which  a  cut-off  shaft,  running  the  entire  length  of  the  engine,  is  oper- 
ated. This  cut-off  shaft  carries  a  cam  at  each  mixing  valve,  disengag- 
ing a  hook  lifting  the  mixing  valve  and  allowing  it  to  drop,  depending 
on  the  quantity  of  gas  required  to  keep  the  speed  constant.  By 
means  of  the  operation  of  this  plunger,  and  the  floating  or  rolling 
gears,  this  small  camshaft  is  either  advanced  or  retarded  in  its  rela- 
tion to  the  operation  of  the  main  camshaft,  allowing  the  cylinders 
to  take  either  a  larger  or  smaller  quantity  of  the  mixture  as  demanded 
by  the  load  of  the  engine. 

The  speed  variation  on  the  power  engines  is  from  1^  to  2  per  cent 
from  no  load  to  full  load,  while  the  variation  on  the  blowers  is  from  6 
to  8  per  cent  under  the  same  conditions.  The  governor  of  this  engine 
has  been  extremely  gratifying,  the  engine  responding  very  quickly 
to  its  action.  Our  revolution  recorders  on  the  blowing  engines  show 
very  few  variations.  The  compression  pressure  at  full  load  is  about 
200  lb.,  the  release  pressure  about  151b.  The  temperature  observed 
in  the  exhaust  line  is  about  850  deg.  on  full  load. 

The  average  thermal  efficiency  for  the  last  six  months  of  1910  was 
24.15  per  cent  on  an  average  load  of  1372  kw.,  and  gave  an  aver- 
age B.t.u.  per  i.h.p.  of  10,529.  This  was  only  55  per  cent  of  the  rated 
full  load.  At  a  nearer  rated  full  load  the  gas  power  engine  showed 
the  following  as  an  average:  Average  load  3030  b.h.p.;  percentage 
of  rated  full  load  84  per  cent  B.t.u.  per  i.h.p.  8244,  or  a  thermal  effi- 
ciency per  i.h.p.,  of  30.9;  rated  full  load  3600  b.h.p.  The  maximum 
load  noted  on  the  engine,  lasting  continuously  for  a  period  of  three 
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minutes,  was  3300  kw.,  no  drop  in  speed  being  noted  at  this  load. 
This  load  would  correspond  to  4807  b.h.p.  or  5741  i.h.p.,  giving  an 
apparent  overload  of  33  per  cent  above  the  builder's  rating  and  a 
mechanical  efficiency  of  83.7  per  cent  at  this  total  load.  This,  how- 
ever, was  all  due  to  the  increase  in  B.t.u.  value  of  the  gas,  but  shows 
the  engine  to  be  capable  of  more  power  if  the  conditions  are  favorable. 
Unfortunately,  we  have  no  records  of  the  thermal  value  of  gas  at  this 
time,  but  from  periods  before  and  after,  the  value  was  quite  high, 
which  evidently  accounts  for  the  increased  power. 

The  engines  are  cleaned  only  about  once  every  two  months,  and 
about  4  or  5  lb.  of  dirt  scraped  off  the  cylinder  and  piston  heads.  We 
have  not  as  yet  had  to  stop  an  engine  especially  to  clean  the  cyhnders 
and  pistons,  but  do  so  when  we  stop  to  clean  the  cooling  jackets, 
which  become  clogged  up  with  mud  and  leaves,  due  to  the  poor  con- 
dition of  our  river  water.  The  dirt  removed  from  the  cylinders  and 
piston  heads  is  a  whitish  deposit  which  seems  to  be  held  in  position 
by  carbonized  oil.  The  cylinders  are  blown  off  about  once  every 
six  hours,  allowing  two  exhaust  charges  to  pass  through  a  blowing- 
off  port,  located  at  the  bottom  of  the  cylinder. 

An  analysis  of  the  whitish  deposit  formed  on  the  cylinder  and  piston 
heads  is  as  follows: 

Si02 18.40  MgO 1.68 

Mn304 2.40  Fe^Os 4.71 

AI2O3 15.55  Ignition  loss 2.17 

CaO 12.20  Alkalis 42.89 

The  engines  are  started  by  means  of  compressed  air.  At  the  end 
of  each  camshaft  is  located  a  four-way  valve.  A  3|-in.  pipe  leads  to 
the  end  of  each  cylinder  and  admits  air  through  a  check  valve  in  the 
side.  The  plunger  of  this  valve  has  one  port,  a  key  being  provided 
on  the  end  of  the  plunger  corresponding  to  the  key^vay  in  the  end  of 
the  camshaft.  The  plunger  is  held  away  from  the  camshaft  ordi- 
narily, by  means  of  a  spiral  spring  in  the  body  of  the  valve.  Before 
starting  the  plungers  are  turned  imtil  the  key  corresponds  to  the  key- 
ways  in  the  camshaft.  Air  is  then  admitted  from  one  hand-operated 
valve  along  the  side  of  the  throttle  valve,  at  from  60  to  100  lb.  pres- 
sure, this  pressure  overcoming  the  tension  of  the  spiral  spring  and 
engaging  the  plungers  with  the  end  of  the  camshafts.  The  pressure 
is  then  admitted  to  the  proper  cylinder  at  the  proper  time  on  the 
explosion  stroke,  the  plunger  turning  in  the  four-way  valve  as  the 
camshaft  turns.     The  throttle  valve  operated  by  the  air  plunger 
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is  then  open  and  the  ignition  circuit  closed,  the  engine  soon  acquiring 
sufficient  momentum  to  give  an  explosion,  this  pressure  preventing 
any  air  from  the  starting  arrangement  entering  the  cylinder,  the  engine 
continuing  to  operate  on  gas  at  the  desired  speed.  The  air  is  then 
shut  off,  the  spiral  spring  disengages  the  plungers  of  the  air  starting 
valve  from  the  camshaft,  the  valves  thus  remaining  stationary  while 
the  engine  is  operating.  These  operations  can  all  be  performed  very 
easily  by  one  man,  in  less  time  than  it  takes  to  explain  it. 

In  the  power  house,  for  operating  two  engines,  the  governor  pumps 
and  oil  tank  pumps,  and  attending  to  the  water  screens  and  oil  filters, 
five  men  on  each  turn  are  required.  On  day  turn  one  additional  man 
is  provided  for  cleaning  up.  In  the  blowing  room,  for  operating  three 
engines,  and  attending  to  the  same  auxihary  machinery  as  in  the 
power  house,  eight  men  are  required  on  each  turn,  with  one  clean  up 
on  day  turn  only. 

The  record  of  the  past  six  months  shows  that  the  gas  engines  were 
required  for  14,580  hr.,  of  which  they  operated  14,395  hr.,  or  98.8 
per  cent,  losing  only  185  hr.,  or  1.2  per  cent.  Of  this  amount  94 
hr.,  40  min.,  is  charged  to  the  blowing  tub  drive,  the  design  of  which 
has  been  changed,  leaving  only  90  hr.  and  20  min.  chargeable  against 
the  engines  proper,  or  less  than  I  per  cent  delay.  During  this  time 
also  two  new  engines  have  been  put  into  service,  the  delay  record 
covering  every  shutdown  after  the  engine  is  first  put  under  load.  The 
No.  5  engine,  which  was  started  in  November,  operated  during  that 
month  648  hr.,  with  only  4  hr.  20  min.  delay,  and  this  was  caused  by 
a  hot  cross-head  guide.  The  No.  6  engine,  started  in  March, 
operated  the  balance  of  the  month,  or  526  hr.  without  any  shut- 
down whatever.  Of  the  total  delays  of  185  hr.  before  referred  to,  54 
were  on  the  two  power  engines  and  131  hr.  on  the  three  blowers. 

The  engines  have  been  quite  free  from  premature  fires  and  back- 
firing, except  when  a  variation  in  gas  occurred,  due  to  an  irregular 
furnace  working,  and  other  similar  occasions.  One  instance  might 
be  mentioned  where  it  was  noticed  that  after  the  heavy  slipping  of 
one  furnace,  the  gas  power  engine  back-fired  quite  violently.  Pro- 
vision was  made  to  take  an  analysis  of  the  gas  at  another  similar 
slip  to  determine  what  change,  if  any,  occurred  in  it.  Following  are 
the  gas  analyses; 

CO 19.8  H2 38.8 

CO2 12.9  N2 26.8 

O2 0.1  B.t.u 209.5 

CHi 1.6 
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Another  sample  was  taken  immediately  after  this  which  showed 
the  following  analysis: 

CO 23.8       H2 9.2 

CO2 16.8        N2 50.0 

CH4 0.2        B.t.u 110.8 

The  dust  coming  from  the  scrubbers  and  collecting  on  the  sampling 
pipe  is  generally  of  a  steel  gray  color,  shading  to  red.  The  weight 
of  dust  per  cubic  foot  seems  higher  in  the  gray,  than  it  does  in  the  red 
samples.  This  deposit  seems  to  carry  through  the  entire  system  and 
is  seen  at  the  top  of  the  stoves  and  at  the  top  of  the  boiler  stacks. 
A  determination  was  made  to  find  what  quantity  passed  through  the 
system  without  being  deposited,  and  it  was  found  to  be  25  per  cent 
of  the  dust  recorded  at  the  gas-cleaning  plant.  In  the  bottoms  of 
the  stoves  and  in  the  combustion  chambers  of  the  boilers,  this  white 
deposit,  which  appears  as  an  impalpable  powder,  collects,  and  has 
the  following  analysis: 

SiOs 22.80        AI2O3 15.73 

Fe 6.00        CaO 21.42 

FesOs 8.57        MgO 2.50 

Mn 1.50        K2O 20.90 

Mn,04 2.09        Ignition  loss 6.08 

The  question  of  installing  gas  engines  is  a  problem  to  be  determined 
by  the  consumers  whose  fuel  is  expensive.  They  should  be  located 
so  that  the  value  of  the  furnace  gas  saved  can  be  recovered  through 
electric  power  by  replacing  steam,  or  supply  other  facilities. 

In  case  there  is  no  coal  consumed,  and  the  operation  is  conducted 
wholly  from  power  supplied  by  blast-furnace  gas  through  steam,  a 
gas-engine  installation  might  not  be  advisable,  nor  would  it  be  advis- 
able to  install  gas-blowing  engines  thereby  getting  better  fuel  economy, 
if  no  provision  is  made  to  use  this  additional  fuel  saved.  The  price 
of  coal  is  also  a  great  factor  in  the  entire  problem,  as  under  most  favor- 
able conditions  it  might  be  supplied  at  such  a  price  per  ton  as  to  make 
its  use  less  expensive  than  a  gas-engine  operation.  A  blast  furnace 
will  supply  sufficient  fuel  to  operate  itself,  besides  having  some  excess 
gas,  and  unless  a  market  is  found  for  this  excess  besides  the  additional 
gas  obtained  by  the  installation  of  gas-blowing  engines,  it  would  not 
be  considered  advisable  to  install  gas  engines.  On  the  other  hand  if  a 
blast-furnace  plant  is  so  located  in  connection  with  steel  works  where 
large  q\iantitics  of  coal  are  being  fired,  it  becomes  an  economic  proposi- 


DISCUSSION  1089 

tion  to  replace  this  coal,  provided  its  cost  will  so  warrant.  After 
all  it  is  for  the  engineer  to  solve  the  problem  himself  after  taking  all 
his  resources  into  consideration. 

Alex.  L.  Hoehr.^  The  i)lant  of  the  National  Tube  Company 
at  McKeesport  contains  two  Allis-Chalmers  twin-tandem,  four-cycle 
gas  engines,  with  cylinders  of  32  in.  diameter  and  42  in.  stroke. 
Each  engine  drives  a  1000-kw.  Crocker-Wheeler  direct-current  gen- 
erator, 250  volts  at  110  r.p.m.  The  first  engine  was  started  with 
the  load  on  October  27,  1907,  and  the  second  on  September  23, 
1908.  They  operate  in  parallel  with  four  Allis-Chalmers  steam 
units  driving  624-kw.  Crocker-Wheeler  generators.  Many  difficulties 
were  encountered  in  starting  the  plant,  which  interfered  with  the  suc- 
cessful operation  of  the  engines,  and  for  a  time  the  situation  was 
somewhat  discouraging.  Many  changes  were  made,  most  of  them 
comparatively  slight,  and  many  experiments  with  different  methods 
of  operation.  The  result  is  that  today  and  for  many  months  past 
the  gas  engines  have  operated  as  regularly  as  any  other  unit  in  the 
plant.  Some  of  the  details  which  gave  trouble  and  which  were 
changed  at  this  plant  are  operating  successfully  at  other  plants. 
This  may  be  due  to  the  difference  in  service  or  slight  differences  in 
material.     The  following  are  the  principal  changes  made: 

a  Piston  cooling  water  system  changed  from  swing  joint  to 
telescope. 

h  Spark  plugs  changed,  vertical  instead  of  rotary  motion, 
resulting  in  a  simpler  plug,  which  can  be  used,  however, 
only  on  top  of  cylinders. 

c  Gearing  driving  lay  shafts  changed  from  worm  to  spur  gears. 

d  Connections  between  exhaust  valves  and  nuiffiers  provided 
with  expansion  joints. 

e  Pistons  changed  from  cast  iron  to  steel.  Also  changed 
slightly  in  shape  on  the  ends. 

/  Design  of  piston  rings  changed  to  eliminate  the  keeper  which 
held  the  rings  in  place.  The  cylinder  cutting  which  re- 
sulted in  the  bushing  of  three  cylinders  is  attributed  in 
every  case  to  trouble  with  these  keepers. 

g  Piston  rod  packing  rings  have  been  changed  from  cast  iron 
to  babbitt  except  the  first,  or  "firing"  ring. 

^  Steam  and  H3'draulic  Engineer,  National  Tube  Works,  McKeesport,  Pa. 
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h  A  slight  change  made  in  desigia  of  exhaust  valve  chambers 
to  prevent  internal  strains  in  casting. 
It  is  believed  that  engine  No.  1  was  the  first  of  its  size  to  be  turned 
out  by  the  builders  and  some  such  changes  are  to  be  expected  in  any 
new  machine.  As  indicating  the  manner  in  which  the  engines  oper- 
ated after  the  various  changes  had  been  made,  figures  will  be  quoted 
from  the  operating  records  for  the  year  1910. 

OPERATING    RECORDS    OF   ENGINES 

The  total  number  of  hours  per  year  is  8760  and  of  this  possible 
number  the  No.  1  engine  ran  7851.5  hr.  or  89  per  cent.  There  were 
four  months  when  no  delays  were  charged  to  the  engines.  The  max- 
imiun  charge  was  40  hr.  45  min.  in  February  and  the  minimum  40 
min.  in  January. 

The  load  factor  is  known  for  seven  months  of  this  year,  beginning 
with  June.  It  was  found  that  the  meters  were  not  correct  and  the 
figures  for  the  first  five  months  are  not  used.  The  load  factor  for 
the  seven  months  averaged  81.6  per  cent.  The  maximum  was  86.06 
per  cent  in  November  and  the  minimum  was  77.23  per  cent  in  July. 

The  No.  2  engine  ran  8015.5  hr.  out  of  a  possible  8760  hr.,  or  91 
per  cent.  The  load  factor  for  this  unit  averages  79  per  cent  for  the 
the  twelve  months.  The  maximum  was  86.06  per  cent  in  Novem- 
ber and  the  minimum  67.89  per  cent  in  August.  There  were  six 
months  when  no  delays  were  charged  to  the  engine. 

The  gas  engines  are  operated  on  Sunday  in  preference  to  the  steam 
units,  which  are  supplied  by  coal-fired  boilers,  and  this  helps  to  hold 
up  the  load  factor. 

The  two  engines  use  about  15,000,000  gal.  of  water  per  month  which 
amounts  to  12.4  gal.  per  kw-hr.,  or  61.9  gal.  per  1000  cu.  ft.  of  gas  used. 
The  jacket  water  is  discharged  at  temperatures  ranging  from  120  to 
140  deg.  fahr.  and  no  use  is  made  of  it  at  present  except  in  winter, 
when  a  part  is  further  heated  by  passing  through  a  coil  in  the  exhaust 
muffler  and  is  used  to  heat  the  shops. 

GAS-CLEANING    PLANT 

The  blast-furnace  plant  at  McKeesport  consists  of  four  500-ton  fur- 
naces producing  bessemer  pig  iron  for  the  manufacture  of  tubular 
goods.  The  gas  mains  from  these  furnaces  are  all  connected  into  one 
system.  To  this  system  is  connected  the  main  leading  to  the  gas- 
cleaning  plant  so  that  the  surplus  from  any  or  all  of  the  furnaces 
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ciui  pass  to  the  gas  engines.  The  arrangement  of  the  dust  catchers 
(lilf(^rs  at  each  of  the  four  furnaces,  but  inckidcs  in  all  cases  a  large 
dry  dust  catcher  into  the  top  of  v^>>ich  the  downcomer  passes  and  from 
the  sides  of  which,  at  various  angles,  pass  gas  mains  to  the  stoves, 
boilers,  etc.  These  branches  are  equipped  with  water  seal  valves 
so  that  they  can  be  cut  off  from  the  system  for  repairs  or  other  pur- 
])oses. 

Dry  dust  catcher  No.  1,  on  the  gas  cleaning  system,  is  35  ft.  in 
diameter  inside  the  plates  and  about  32  ft.  total  height.  It  has  a 
4^-in.  brick  lining  throughout.  Two  6-ft.  diameter  gas  flues,  which 
form  the  connection  between  the  general  gas  system  and  the  gas- 
cleaning  system,  enter  the  dust  catcher  tangentially  near  the  top, 
giving  to  the  entering  gas  a  rotary  motion  which  lengthens  the  dis- 
tance to  be  traveled  between  the  inlet  and  outlet  and  also  causes 
some  centrifugal  effect  which  aids  in  separating  out  the  dust  which 
falls  to  the  conical  bottom  and  is  kept  out  of  the  outgoing  gas  current 
by  a  series  of  baffle  plates.  A  short  distance  above  the  tops  of  these 
plates  and  at  the  center  of  the  dust  catcher  is  the  lower  end  of  the  8-ft. 
diameter  outlet  flue  which  is  supported  by  a  series  of  diagonal  rods 
running  to  the  upper  edge  of  the  dust  catcher.  This  flue  passes  up 
and  out  at  the  top,  where  it  makes  a  90-deg.  bend  and  crosses  the  mill 
yard  to  dry  dust  catcher  No.  2,  entering  it  tangentially  near  the  top. 
It  is  reduced  to  6  ft.  in  diameter  at  the  point  of  attachment  for  con- 
venience of  construction.     This  flue  is  not  lined. 

Dust  catcher  No.  2  is  the  same  size  and  construction  as  No.  1 
except  that  it  is  not  lined  and  has  but  one  inlet  connection.  These 
two  35-ft.  diameter  dry  dust  catchers  and  the  connecting  flue,  8  ft. 
in  diameter,  were  made  large  not  only  to  reduce  velocities  so  that  the 
dust  would  settle  out,  but  also  to  provide  large  radiating  surfaces  for 
the  dissipation  of  heat  which  otherwise  would  have  to  be  carried  off 
by  additional  water  supplied  to  the  Zchocke  washers.  As  the  tem- 
perature of  the  gas  leaving  the  top  of  the  furnace  will  average  about 
550  deg.  fahr.  and  the  temperature  of  the  gas  leaving  dust  catcher 
No.  2  will  run  about  365  deg.  fahr.,  it  is  evident  that  this  dissipation 
has  been  accomplished.  With  two  engines  at  full  load  the  velocity 
of  the  gas  in  the  8-ft.  connecting  flue  will  not  exceed  135  ft.  per  min. 
It  should  be  explained  here  that  this  connection  was  designed  for  twice 
the  engine  capacity  now  in  use  but  even  with  this  increase  the  velocity 
would  be  very  low. 

From  the  top  of  dust  catcher  No.  2  the  gas  passes  into  a  horizontal 
overhead  flue  8  ft.  in  diameter  from  which  two  vertical  branches  are 
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taken,  which  act  as  supports  and  also  as  down.comers  to  dehver  the 
gas  into  the  lower  portion  of  two  Zchocke  spray  towers.  These  towers 
are  each  14  ft.  in  diameter,  42  ft.  high  and  are  water-sealed  at  the 
base.  They  consist  of  a  cylindrical  steel  shell  with  circumferential 
angles  at  intervals,  which  support  a  series  of  wooden  baffles,  the 
function  of  which  is  to  break  up  into  small  streams  and  thoroughly 
mix  the  gas  which  is  rising  from  the  bottom  and  the  water  which  is 
falling  from  the  top.  The  water  is  supplied  to  each  tower  through 
30  stationary  spray  nozzles,  so  arranged  as  to  deliver  a  fairly  uniform 
rain  over  the  entire  area  of  the  top  baffle.  These  two  towers  were 
designed  to  work  in  parallel,  but  it  has  been  found  possible  to  operate 
with  only  one  in  service.  The  gas  enters  the  base  of  the  tower  at  a 
temperature  of  about  365  deg.  fahr.  and  with  a  dust  content  of  33.5 
mg.  per  cu.  ft.  (0.517  grains  per  cu.  ft.),  and  leaves  the  top  at  a  temper- 
ature of  75  deg.  fahr.  with  a  dust  content  of  4  mg.  per  cu.  ft.  (0.062 
gTains  per  cu,  ft.).  The  downcomers  from  the  tops  of  the  towers 
connect  at  ground  level  with  a  water-sealed  U-tube,  which  conducts 
the  gas  to  a  third  Zchocke  tower  or,  through  a  by-pass,  direct  to  the 
Theisen  rotary  washer.  The  plant  is  operating  at  present  through 
this  by-pass  with  the  third  spray  tower  not  in  use. 

The  rotary  washer  is  of  the  usual  Theisen  construction,  the  rotating 
part  being  about  8  ft.  mean  diameter  and  10  ft.  long.  It  is  driven 
by  a  111-D  Crocker-Wheeler  motor,  150  h.p.  at  300  r.p.m.  By  meas- 
urement when  washing  gas  for  two  engines  the  power  required  was 
found  to  be  300  amperes  at  220  volts. 

The  gas  leaving  the  Theisen  washer  is  practically  free  from  dust, 
a  100-cu.  ft.  sample  containing  0.15  mg.  (0.0023  grains  per  cu,  ft.). 

From  the  Theisen  washer  the  gas  passes  through  a  water  separator, 
4  ft.  6  in.  in  diameter  and  13  ft,  1  in.  high  to  a  50-fc.  diameter  gas 
holder,  of  50,000  cu.  ft.  capacity.  The  gas  holder  is  by-passed  so  that 
the  engines  can  be  operated  with  the  holder  out  of  connnission  for 
painting  or  repairs.  From  the  holder  the  gas  enters  the  42-in.  diam- 
eter clean  gas  main  which  conveys  the  gas  a  distance  of  about  1100 
ft.  to  the  gas  engines. 

The  water  for  the  gas-cleaning  plant  averages  105.7  gal.  per  1000  cu. 
ft.  of  gas  washed.  This  includes  the  water  used  in  all  parts  of  the 
cleaning  plant. 

It  is  very  evident  from  the  experience  at  this  plant  that  it  is  quite 
possible  to  have  a  large  gas  engine  operating  on  blast-furnace  gas  give 
perfectly  satisfactory  service,  c^rr^ing  its  full  share  of  the  load  al^out 
as  regularly  as  any  of  the  steam  units. 
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Satisfactory  as  this  service  luis  been  it  does  not  prove  that  the  gas 
engine  is  necessarily  the  best  type  of  prime  mover  for  such  locations. 
At  the  time  these  engines  were  installed,  the  low-pressure  turbine 
was  only  faintly  visible  on  the  horizon  and  no  question  was  raised  as 
to  the  advisability  of  installing  the  gas  engine.  At  the  present  time 
the  conditions  are  very  different.  The  turbine  has  been  developed 
until  it  is  a  very  efficient  and  reliable  prime  mover,  and  the  engineer 
cannot  ignore  it  in  figuring  on  new  installations. 

Without  being  able  to  present  figures  at  this  time  to  support  his 
position,  the  writer  believes  that  in  the  Pittsburg  district  under  exist- 
ing conditions  as  to  prices  for  coal,  turbines,  gas  engines  and  labor, 
a  complete  steam  plant  from  gas-fired  boilers  to  low-pressure  turbines 
can  be  installed  and  ojDerated  to  produce  a  given  amount  of  power  for 
less  money  than  would  be  required  through  a  gas-engine  plant.  This 
would  be  due  to  lower  first  cost,  lower  attendance  charges  and  lower 
repair  charges  on  the  steam  plant.  It  is  assumed  that  proper  inter- 
est and  depreciation  charges  are  made  to  both  plants. 

H.  J.  Freyn  had  not  prepared  a  written  discussion,  but  spoke  at 
length  in  advocacy  of  the  large  gas  engine,  indicating  the  remarkable 
performance  of  large  gas  power  plants  in  this  country  at  this  present 
time  and  calling  attention  to  the  fact  that  in  Europe,  where  the  devel- 
opment is  several  years  ahead  of  that  in  this  country,  many  of 
the  difficulties  which  we  are  now  encountering  have  been  entirely 
done  away  with.  He  considered  that  figures  like  95  to  99  per  cent  for 
running  time,  such  as  have  been  given  by  previous  speakers,  were 
highl}'  creditable  and  that  they  compared  favorably  with  figures  for 
continuous  operation  in  any  type  of  plant,  either  steam  or  gas. 

He  referred  to  an  inspection  visit  to  Europe  of  an  official  of  the 
Illinois  Steel  Company  who  found  the  most  surprising  development 
to  be  that  of  the  gas  engine  and  Mr.  Freyn  himself  had  made  a  trip 
last  year  for  the  first  time  in  four  years  and  was  surprised  to  see  how 
well  large  gas-engine  installations  were  operating.  The  blast-furnace 
gas  engine  was  started  in  Europe  about  1898  and  five  or  six  years  ago 
at  a  meeting  like  that  at  which  he  spoke  there  would  have  been 
exactly  the  same  complaints  about  cylinders  cracking,  piston  rods 
breaking  and  all  kinds  of  troubles;  but  over  there  today  there  is 
practically  nothing  heard  about  these  troubles  for  the  reason  that 
they  have  been  overcome.  The  gas  engine  in  America  cannot  be  as 
far  advanced  as  in  Europe  because  only  four  or  five  years  have  elapsed 
since  the  first  large  4-cycle  engines  were  installed  and  operated. 
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Nevertheless,  these  engines  are  today  operating  at  95  per  cent  of 
their  running  time. 

Mr.  Maccoun  appeared  to  think  that  gas-engine  cyHnders  were 
successful  only  in  the  smaller  sizes.  Mr.  Fre>Ti  cahed  attention  to  the 
fact  that  abroad  cylinders  are  used  48  in.  in  diameter  by  55-in.  stroke, 
these  engines  running  from  80  to  90  r.p.m.;  and  he  had  himself  seen 
a  twin-tandem  double-acting  4-cycle  engine  of  4000  h.p.  in  operation 
with  blast-furnace  gas.  As  to  piston  rods,  he  took  issue  with  Mr. 
Maccoun  regarding  the  difficulty  of  designing  rods  strong  enough  to 
withstand  the  terrific  strain.  The  diameter  of  our  rods  is  made  from 
30  to  33  per  cent  of  the  diameter  of  the  cylinder;  that  is,  engines  have 
recently  been  built  with  44-in.  cylinders  and  15-in.  rods.  In  Ger- 
many, with  similar  engines  of  about  the  same  size,  the  diameter  of 
the  rods  would  not  be  more  than  26  or  28  per  cent  of  the  diameter  of 
the  cyfinders.  He  had  found  nickel  steel  rods  over  there  containing 
as  much  as  5  per  cent  nickel  which  would  be  considered  a  prohibitive 
amount  in  this  country  as  breakages  would  be  feared. 

Then  in  the  matter  of  workmanship  he  believed  America  was  not 
up  to  the  European  quality  as  he  had  found  engines  working  sacisfac- 
torily  abroad  upon  which  there  were  details  of  construction  exactly 
like  those  which  had  given  trouble  in  this  country. 

As  to  cast-steel  or  cast-iron  cylinders,  there  are  many  troubles  en- 
countered in  this  country  with  cylinders  cracking.  The  solution  here 
seems  to  be  sought  in  cast-steel  cylinders.  Abroad  not  a  single 
cylinder  of  that  kind  can  be  found,  even  in  the  48-in.  diameter  size. 
The  reason  so  far  as  he  could  judge  is  that  foundry  practice  over 
there  is  a  little  bit  different  and  better  than  here,  including  the  selec- 
tion of  the  iron  and  the  method  of  casting.  It  is  held  over  there 
that  while  the  modulus  of  elasticity  of  steel  castings  is  much  higher 
than  of  cast  iron,  the  coefl&cient  of  elongation  by  temperature  is  not 
much  higher,  so  that  the  product  of  these  two  valves,  which  Professor 
Langer  calls  the  ' 'Mater "al-Ziffer,"  is  about  four  times  as  high  for 
cast  steel  as  for  cast  iron,  whereas  the  strength  of  the  former  mate- 
rial is  hardly  three  times  that  of  the  latter.  The  lower  this  "Mate- 
rial-Ziffer,"  however,  the  better  the  casting  and  the  less  danger  of 
cracking  of  the  cylinder.  The  same  is  true  of  cast-steel  pistons.  He 
had  found  48-in.  cast-iron  pistons  in  use  abroad  without  cracking. 
Mr.  Freyn  believed  that  the  packing  for  piston  rods  as  designed  in 
America  was  superior  because  European  packings  are  very  compli- 
cated. 

While  the  speaker  used  to  be  a  stanch  adherent  of  the  constant-com- 
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pression  stratijfication  principle  for  governing,  he  did  not  now  advocate 
it  and  referred  to  the  perfect  running  of  engines  under  variable  com- 
pression, such  as  the  Snow  engines  at  Duquesne  which  Mr.  Diehl 
had  described.  In  Europe  the  prominent  builders  are  using  nothing 
but  butterfly  valves  for  throttling  the  gas  and  air  and  are  getting 
remarkable  results.  The  valve  gear  is  so  simple  and  cheap  that  no 
relais-governor  is  required  because  it  has  but  little  work  to  do. 
They  are  able  to  run  50-cycle  generators  in  parallel  without  cross- 
currents or  other  difficulties. 

Mr.  Fre>Ti  believed  that  remarks  which  had  been  made  on  the  cost 
of  installation  were  in  error.  He  and  Chas.  J.  Bacon,  steam  engineer 
of  the  Illinois  Steel  Company,  had  taken  up  the  question  of  the  rela- 
tive cost  of  gas  power  and  steam  power  plants,  and  while  their  con- 
clusions were  reserved  for  the  report  to  their  company,  he  could  say 
that  figures  such  as  had  been  quoted  of  $125  per  kw.  were  not  found 
at  all  in  actual  installation  in  steel  plants.  While  the  cost  of  instal- 
lation is  unquestionably  higher  than  for  the  steam  turbine  or  for  a 
steam  engine,  the  result  would  compare  very  favorably  when  taken 
in  connection  with  the  high  commercial  efficiency  of  a  gas  engine. 
He  appreciated  that  coal  was  low  in  price  in  American  steel  works 
districts  but  believed  the  price  was  bound  to  increase  as  it  had  in 
the  past,  as  for  example  in  Chicago,  where  it  could  be  had  for  $1  a 
ton  a  few  years  ago  and  today  costs  60  per  cent  more.  This  increase 
would  come  on  gas  engines,  steam  engines  or  steam  turbines  alike, 
.  but  if  the  gas  engine  is  able  to  use  only  one-half  the  quantity  of  fuel 
of  the  steam  turbine,  the  increased  fuel  cost  would  not  affect  it  as 
much  as  the  steam  turbine. 

It  was  interesting  to  note  in  connection  with  the  cost  of  repairs  that 
abroad  this  charge  is  materially  lower,  not  on  account  of  cheaper  labor 
alone,  but  because  of  lack  of  repairs,  and  that  the  troubles  we  have 
had  here  are  none  of  them  such  as  it  would  not  be  possible  to  over- 
come by  proper  design,  workmanship  and  material.  He  was  pleased 
to  state  that  so  far  as  gas  cleaning  was  concerned,  we  are  ahead  of 
European  practice. 

Referring  to  operative  conditions  at  the  South  Chicago  plant  of  the 
Illinois  Steel  Company,  upon  which  he  had  presented  a  paper  before 
the  Society  in  1910,^  he  said  the  Theisen  washers  had  kept  their  excel- 
lent efficiency  of  98  and  99  per  cent,  regardless  of  the  quantity  of 
dirt  or  quality  of  gas.     Recently  one  of  their  furnaces  had  been  mak- 

1  Trans.  Am.  Soc.  M.  E.,  vol.  32,  p.  369. 
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ing  ferro-silicon  which  produced  a  great  amount  of  dust  m  the  gas  of  a 
quality  ahnost  impossible  to  remove  by  the  washing  process.  The 
efficiency  of  the  wet  scrubljers  dropped  from  85  to  about  50  per  cent, 
while  the  efficiency  of  the  Theisen  washers  kept  at  approximately 
98  or  99  per  cent.  There  is  no  trouble  with  dirt  in  the  gas.  Their 
engines  had  not  been  cleaned  even  once  a  year.  The  other  day  he 
had  pulled  out  a  cylinder  head  on  one  of  their  oldest  blowing  engines 
and  found  it  to  be  pohshed  like  glass.  Almost  no  carbon  was  to  be 
seen  and  the  dirt  deposited  in  the  cylinder  head,  on  the  piston  and  in 
the  coimter  bore,  was  all-told  not  a  handful.  The  gas  of  the  Ameri- 
can blast-furnace  plants  is  now  cleaned  so  that  it  contains  only  about 
one-half  the  amoimt  of  dust  allowed  by  the  requirements  of  gas-engine 
builders. 

The  question  of  oil  consumption  was  brought  up  in  connection  with 
cost  of  operation  and  he  instanced  a  case  where  the  Horton  oiler,  de- 
signed by  the  engineer  on  plant  efficiency  at  Homestead,  and  which 
operates  on  the  principle  of  injecting  oil  onto  the  piston  and  into  the 
cylinder,  by  means  of  compressed  air,  had  made  a  remarkable  saving 
in  the  quantity  of  oil. 

Mr.  Diehl  had  mentioned  the  danger  of  gas-blowing  engines  fail- 
ing suddenly  on  account  of  the  failure  of  the  ignition.  When  the  Gary 
plant  was  started  no  provision  was  made  for  a  proper  ignition  system. 
The  ignition  cm*rent  came  from  the  general  lighting  system  and  a 
motor-generator  set  transformed  the  regular  current  in  the  plant  to 
whatever  voltage  was  necessary  for  ignition.  Soon,  however,  a 
very  reliable,  independent  storage-battery  ignition  system  was  in- 
stalled and  shutdowns  due  to  failure  of  ignition  current  have  since 
that  time  Ijeen  withdrawn.  He  would  advocate  an  independent 
storage  battery  for  any  gas  installation  to  insure  reliable  operation. 
With  such  an  installation  there  is  no  possibility  of  the  ignition  system 
of  the  whole  station  failing.  In  the  plants  of  his  company  they 
always  run  three  blowing  engines  to  supply  two  furnaces,  by  splitting 
the  supply  from  one  engine.  If  local  ignition  troubles  arise,  there 
is  still  one-half  of  the  other  engine  running  to  keep  the  gas  out  of  the 
blowing  cylinders.  Also,  by  connecting  the  cold  blast  pipes  of  the 
various  furnaces  by  a  small  pipe  6  in.  in  diameter  and  having  6-in. 
valves  inserted  in  these  connections,  it  is  always  possible  to  get  pres- 
sure from  the  other  furnace  onto  the  one  on  which  the  blowing  engine 
went  down.  By  this  small  pipe  line  one  is  able  to  by-pass  air  from 
the  other  furnaces  and  keep  the  gas  out.  This  is  l)eing  done  abroad 
and  the  speaker  considered  the  gas-blowing  engines  today  so  safe 
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that  he  would  not  hesitate  to  have  a  large  engine  of  40,000  cu.  ft. 
capacity  blow  one  furnace  by  itself. 

In  connection  with  the  question  of  efficiency  he  had  fo\nid  that  the 
subject  of  utilization  of  waste  heat  from  gas  engines  had  made  much 
headway  in  Europe.  If  the  heat  from  the  exhaust  and  the  cooling 
water  could  be  recovered,  as  in  fact  is  now  being  done,  the  amount 
of  energy  saved  would  be  considerable.  Tests  on  a  plant  in  Belgium 
showed  that  13  per  cent  could  be  obtained  from  the  waste  heat  in  the 
exhaust  and  cooling  water,  generating  low-pressure  steam  with  this 
waste  heat  and  using  it  in  low-pressure  turbines. 

E.  Friedlander.^  The  discussion  has  brought  out  the  fact  that 
the  application  of  modern  American  steam-engine  practice  to  the 
blast-furnace  gas  engine  has  finally  made  it  a  reliable  prime  mover. 
Up  to  this  time,  however,  a  large  part  of  the  saving  in  cost  of  fuel 
which  it  accomplishes  has  been  consumed  in  the  operation  and  main- 
tenance of  these  engines.  That  the  recent  improvements  in  the  de- 
tails of  these  engines  which  Mr.  Maccoun  has  described  will  greatly 
reduce  this  factor,  is  borne  out  by  the  fact  that  maintenance  last 
year  was  but  one-half  of  the  previous  year,  and  it  is  reasonably  to 
be  expected  that  such  improvements  will  continue. 

A  periodical  inspection,  cleaning  and  overhauling  will  be  necessary 
so  long  as  there  is  excessive  dirt  in  the  water,  air  or  gas,  which  may 
cause  deposits  to  accumulate  on  the  cylinders.  If  this  is  not  done 
at  least  twice  a  year,  operation  will  probably  become  very  unsatis- 
factory and  the  damage  that  may  finally  result  will  far  exceed  the 
expense  of  timely  inspection. 

The  blast-furnace  gas  engine  has  a  strong  rival  in  the  low-pressure 
steam  turbine  working  in  combination  with  the  reciprocating  engine. 
The  low-pressure  turbine  may  be  considered  as  also  belonging  to  the 
class  of  prime  movers  giving  us  power  for  nothing,  so  to  say.  This 
places  under  comparison  reciprocating  steam  engines,  high,  low,  or 
mixed-pressure  steam  turbines  and  blast-furnace  gas  engines.  There- 
fore, in  comparing  these  different  prime  movers  from  the  operators' 
point  of  view,  I  would  like  to  bring  out  some  special  features  which 
are  under  discussion. 

The  present  largest  gas-power  unit  of  about  3000  k.v.a.  capacity 
is  not  large  enough  for  power  stations  of  any  magnitude.     In  order 

1  Supt.  Elec.  Dept.,  Edgar  Thomson  Steel  Works,  Carnegie  Steel  Co.,  Brad- 
dock,  Pa. 
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to  reduce  cost  of  installation,  operation  and  up-keep,  units  should  be 
as  large  as  possible.  A  number  of  5000-kw.  turbine  units  are  being 
replaced  today  by  20,000-kw.  units,  and  the  resultant  economy  in  fuel 
and  operating  costs  will  pay  for  such  an  investment  in  a  short  time. 

The  very  large  floor  space  taken  up  by  these  gas  engines  is  also  a 
serious  objection  raised  by  central  station  men  where  they  must  con- 
tend with  a  high  cost  of  real  estate  and  consequently  the  buildings 
to  contain  them.  This  should  induce  the  engine  builders  to  make 
their  engines  of  as  large  capacity  as  possible.  I  do  not  see  any  objec- 
tions to  running  them  faster  than  Corliss  engines  of  the  same  size.  It 
is  not  the  inertia  of  a  flywheel,  shaft,  piston  and  rod,  which  limits  the 
speed  of  such  large  engines,  but  the  wear  and  tear  of  the  valve  gearing 
which  in  the  case  of  gas  engines  is  much  lighter  in  weight  and  moves 
only  at  half  the  speed  of  steam  engine  gears. 

In  order  to  facilitate  the  periodical  inspection,  cleaning  and  over- 
hauling, the  engine  must  be  constructed  with  this  point  in  view. 
Each  part  should  be  above  the  floor,  and  easily  accessible,  and  it  should 
not  be  necessary  to  remove  a  mass  of  machinery  to  get  at  certain 
parts. 

The  arrangement  of  main  and  cross-head  housings,  cylinders,  etc., 
should  make  them  self-contained  and  perfectly  aligned;  male  and 
female  fits  of  large  diameters  should  be  provided,  so  that  all  parts 
when  separated  will  go  back  exactly  in  line  without  depending  upon 
bed  plate,  foundations,  or  reamed  and  fitted  bolts. 

The  overload  capacity  of  prime  movers  in  electric  central  stations, 
especially  of  turbines,  is  always  taken  into  consideration  in  figuring 
on  the  station  capacity,  and  plays  an  important  part  in  reducing  the 
cost  of  the  current  generated  on  account  of  the  small  investment 
necessary  for  steam  stations  to  deliver  a  given  maximum  load,  whereas 
an  internal-combustion  engine  may  be  looked  upon  as  not  possessing 
any  overload  capacity  whatsoever.  Again  it  has  been  observed  that 
gas  engines  are  very  slow  in  taking  their  proportionate  amount  of 
load  under  fluctuating  load  conditions,  and  always  lag  behind  the 
other  prime  movers,  especially  turbines.  This  is  partly  caused  by  the 
extra  time  required  to  take  in  the  charge,  compress  and  explode  it. 
A  powerful  relay  governor  should  be  arranged  to  reduce  this  lag  as 
much  as  possible. 

I  strongly  recommend  using  steam  turbines  in  connection  with  gas 
engines  in  large  central  gas-power  plants.  These  turbines  can  fur- 
nish overload  or  peak  current,  together  with  all  the  necessary  wattless 
current. 


DISCUSSION    BY    E.    FRIEDLANDER  1099 

Where  an  abundant  supply  of  clean  and  pure  water  is  available, 
no  trouble  should  be  encountered.  In  the  Pittsburgh  district, 
however,  more  shutdowns  and  delays  are  chargeable  to  inadequate 
cooling  than  to  any  other  cause,  due  to  the  local  conditions  rather 
t  han  to  faults  in  materials  or  design.  The  water  available  for  circu- 
lating through  the  engine  jackets  is  mostly  muddy  and  gritty  and 
contains  from  1  to  8  grains  per  gal.  of  free  sulphuric  acid  and  iron 
sulphate.  This  mixture  will  attack  any  material,  especially  steel  forg- 
ings  and  piping.  Therefore,  all  the  water  piping  should  be  made  of 
brass  or  copper,  or  the  larger  sizes  of  cast  iron.  Malleable  iron 
fittings  should  not  be  used.  All  forgings,  such  as  piston  rods,  valve 
stems,  etc.,  should  be  lined  with  non-corrosive  tubing.  The  abrasive 
matter  in  the  water  will  wear  out  any  metal  if  speed  of  travel  is 
high.  It  is  necessary  to  make  all  water  passages  large  to  allow  mud 
to  settle  and  to  avoid  high  rates  of  flow.  The  sediment  in  our 
circulating  systems  has  to  be  removed  at  regular  intervals  by  means 
of  hydraulic  or  steam  pressure.  If  this  is  neglected,  the  engine  will 
overheat  and  cause  trouble  in  the  operation  and  finally  serious  delay. 

Ignition  has  given  very  little  cause  for  complaint.  If  wiring  is 
properly  installed  in  sealed  steel  tubing  with  standard  porcelain-lined 
outlet  boxes  and  if  all  grounds  are  avoided  by  installing  separate 
generators  and  batteries  for  this  work,  so  that  one  will  automatically 
take  the  place  of  the  other  whenever  necessary,  not  a  single  shutdown 
need  occur  on  account  of  igniters.  There  should  always  be  three  ignit- 
ers evenly  spaced  at  each  end  of  a  large  cylinder,  so  that  the  failure  of 
one  or  even  two  of  these  igniters  will  not  affect  the  operation  of  the 
engine.  The  mechanical  make-and-break  system  with  forged  steel 
contact  points  requires  the  least  attention  and  excels  the  electro- 
magnetically  actuated  igniters.  Each  igniter  should  be  wired  up 
independently  of  the  others  with  its  own  fuse  of  at  least  four  times 
the  normal  current  capacity.  A  main  fuse  of  four  times  larger 
capacity  than  the  individual  fuse  and  a  tell-tale  [to  indicate  the 
working  of  each  igniter  should  be  provided. 

The  igniter  plugs  can  act  as  safety  valves  for  regulating  the  per- 
missible maximum  pressures  in  cylinders  by  holding  them  to  their 
seats  by  means  of  heavy  compression  springs.  Such  an  arrangement 
would  probably  prevent  a  serious  break  when  water  fills  up  the  clear- 
ance space  in  a  cylinder. 

The  lubrication  of'  gas-engine  cylinders  has  not  been  generally 
satisfactory.  The  manner  of  admitting  the  oil  into  the  cylinders  is 
just  as  important  as  the  quality  and  quantity  used  for  lubrication. 
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The  oil  cannot  be  vaporized  with  the  charge,  as  in  steam  engines, 
but  must  be  spread  over  the  cyhnder  walls.  This  is  preferably  accom- 
plished by  pumping  it  in  ^^dth  the  charge,  or  as  soon  as  possible  after 
the  scavenging  of  cylinders,  and  spreading  it  during  the  compression 
stroke,  so  that  the  cylinder  will  be  ready  for  the  power  stroke.  In 
no  case  should  oil  be  admitted  during  the  explosion  stroke  and  it 
should  not  drop  on  the  piston  as  soon  as  it  enters  the  cylinder,  but 
be  given  time  to  run  down  on  each  side  before  it  is  spread  over  the 
walls  by  the  piston  rings. 

It  has  been  found  very  satisfactory  to  provide  two  holes  in  each  end 
of  a  cylinder,  located  in  the  top  half  about  40  to  60  deg.  apart.  This 
location  does  not  permit  oil  to  drop  off  to  the  bottom  nor  does  it  leave 
a  dry  spot  on  top  between  oil  holes.  This  method  of  oiling  has  been 
adopted  in  our  40  in.  by  54  in.  Westinghouse  t^vin-tandem  double-act- 
ing engines,  running  at  78  r.p.m.,  and  at  no  time  during  its  service  of 
over  three  years  has  any  cutting  of  the  cylinder  walls  been  observed. 
In  fact,  the  original  tool  marks  have  not  even  been  worn  away. 

It  is  not  always  an  easy  matter  to  locate  the  cause  of  misfiring  and 
requires  some  experience  in  the  handling  of  internal-combustion  en- 
gines. It  is  quite  important  that  the  engineer  should  be  familiar  with 
the  different  causes  for  misfiring,  so  he  may  prevent  them  if  possible. 

The  calorific  value  of  blast-furnace  gas  changes  often  and  requires 
a  different  amount  of  air  to  be  added  to  the  charge.  Every  possible 
means  should  be  provided  to  enable  the  operator  to  detect  in  time  any 
radical  change  in  the  gas,  so  he  can  change  the  ratio  of  gas  and  air,  if 
the  valve  gearing  is  designed  to  make  such  a  change  easily  and  quickly. 
Otherwise  he  can  only  reduce  the  load  on  the  engine  until  the  supply 
of  gas  is  normal  again.  Poor  gas  will  burn  slowly  and  is  liable  to 
ignite  the  successive  charge,  causing  a  backfire,  that  is,  an  explosion 
on  the  suction  stroke  back  into  the  air  and  gas  passage.  This  will 
seldom  cause  any  other  harm,  but  tends  to  slow  dowii  the  engine. 
Too  rich  gas,  dirty  explosion  chambers,  leaky  valves,  too  much  oil, 
etc.,  can  cause  backfiring.  It  is  easily  detected  by  the  loud  report 
and  large  volume  of  smoke  produced. 

Pre-ignition  of  charges,  or  so-called  prematures,  are  much  more 
serious  and  should  never  be  allowed  to  occur  for  any  length  of  time. 
They  cause  excessive  strains  in  cylinders,  overheated  pistons  and 
cylinder  walls,  and  are  liable  to  loosen  joints.  An  excessive  amount 
of  hydrogen  in  the  gas,  igniting  at  lower  temperatures,  is  often  the 
cause  of  prematures;  but  leaky  piston  rings,  hot  cylinders,  etc.,  may 
also    cause   them.     If   they   occur   repeatedly,  the  cylinders  should 
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immediately  be  cut  out  alttunately  until  the  trouble  is  located. 
These  prematures  are  explosions  during  the  compression  stroke  after 
inlet  and  exhaust  valves  are  enclosed,  without  the  aid  of  igti-iters,  and 
are  not  to  be  confused  with  backfires. 

If  all  valves  are  tight,  the  prematures  should  produce  no  visible 
(effect  except  the  rapid  slowing  do^vn  of  the  c^ngine  and  heavy  pound- 
ing. 

Such  actions  as  described  tend  to  show  that  the  successful  opera- 
tion of  blast-furnace  gas  engines  is  dependent  upon  the  gas.  Any 
appreciable  change  in  the  calorific  value,  temperature  or  amount  of 
moisture  or  dirt,  will  directly  affect  the  operation. 

It  is  of  great  importance  to  keep  gas  uniform  and  to  do  thi  s  all 
furnaces  should  feed  their  gas  into  a  common  line,  as  far  as  possible. 
The  analysis  of  average  furnace  gas  shows  about  24  per  cent  CO,  12 
per  cent  CO2,  2  to  3  per  cent  H,  60  per  cent  N. 

In  concluding,  I  wish  to  emphasize  the  fact  that  I  have  purposely 
spoken  rather  pointedly  of  some  of  the  imperfections  from  which  the 
large  gas  engine  has  previously  suffered  in  order  that  this  experience 
may  contribute  to  the  successful  future  of  the  gas  engine.  Mr. 
Maccoun  has  also  very  frankly  discussed  certain  necessary  improve- 
ments in  the  design  of  the  large  gas  engine,  and  I  have  attempted  to 
dwell  upon  many  of  the  important  facts  which  must  be  observed  in 
order  that  successful  operation  may  be  insured.  Such  a  develop- 
ment has  not  been  peculiar  to  any  one  make  of  engine,  but  it  has  been 
more  or  less  common  to  all  of  them.  Some  of  the  engines  most  re- 
cently installed  have  obviously  had  the  benefit  of  experience  obtained 
in  the  operation  of  preceding  installations.  But  in  spite  of  what  has 
just  been  said,  we  have  every  reason  to  believe  our  plant  records  are 
fully  comparable,  on  the  average,  with  any  other  large  blast-furnace 
gas-engine  installations,  and  that  they  are  possibly  much  better  than 
some  of  them.  No  special  periods  where  unusually  good  records  were 
made  have  been  selected  in  this  case,  nor  any  special  consideration 
taken  into  account.  It  is,  on  the  other  hand,  the  actual  result  over 
the  entire  period  of  the  year. 

CONTRIBUTED  DISCUSSION 

W.  Trinks.  Referring  to  Mr.  Maccoun's  discussion,  I  cannot 
agree  with  one  of  his  remarks,  namely,  that  the  practice  of  increas- 
ing the  horsepower  of  gas  engines  by  increasing  their  rotative  speed 
should  not  be  recommended.     I  disagree  with  him   in  this  respect 
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for  several  reasons.  First,  it  is  argued  that  slow  rotative  speed  is 
conducive  to  economy.  Of  course,  it  is  possible  to  chase  after  the 
last  amount  of  economy  in  the  gas  engine  by  avoiding  the  throttling 
losses  through  the  inlet  and  outlet  valves,  and  by  reducing  friction 
work  to  a  minimum  by  the  adoption  of  long  stroke  and  slow  rotative 
speed.  By  this  means  we  obtain  an  ideal  engine  but  one  upon 
which  the  price  is  prohibitive.  The  gas  engine  would  then  be  in 
the  same  position  as  the  triple  and  quadruple  expansion  steam 
engines  are  today.  These  latter  engines  are  more  economical  than 
the  compound  engine  but  they  are  not  built  except  under  very 
exceptional  circumstances,  namely,  when  highest  economy  is  of  para- 
mount importance. 

As  already  mentioned  by  Mr.  Freyn,  the  slow-speed  blast-furnace 
gas  engine  is  two  and  one-half  times  as  economical  as  the  steam  engine 
or  the  steam  turbine,  and  we  can  well  afford  to  sacrifice  some  of  this, 
if  by  so  doing  we  can  reduce  the  first  cost  of  the  engine  consider- 
ably. 

I  believe  that  Mr.  Arthur  West  has  been  the  foremost  fighter  for 
higher  piston  and  rotative  speeds,  but  there  are  others  following  very 
closely  on  his  heels. 

After  it  has  thus  become  evident  that  these  speeds  will  make  it 
possible  for  the  gas  engine  to  compete  successfully,  even  in  places 
where  coal  is  cheap,  a  word  should  be  said  about  the  supposedly 
detrimental  features  of  high  speeds. 

I  disagree  with  the  engineers  from  the  various  plants  of  the  Car- 
negie Steel  Company  and  the  National  Tube  Company  who  have 
mentioned  the  trouble  of  up-keep  and  maintenance  in  gas  engines  and 
have  made  that  a  key-note  for  advocating  lower  rotative  speed  or 
for  abandoning  the  gas  engine  altogether.  High  speed  in  itself  is 
not  detrimental  unless  the  machinery  is  so  designed  as  to  be  unfit  for 
such  speeds.  I  recollect  with  pleasure  looking  at  engines  of  2000-kw. 
capacity  built  by  Bellis  and  Morcum  of  Birmingham,  England,  which 
ran  at  200  r.p.m.  The  fact  that  they  were  steam  engines  does  not 
alter  my  point.  They  were  taken  apart  after  three  years  of  operation 
and  the  tool  marks  were  still  visible  in  the  bearings,  crank  and  cross- 
head  pins  and  on  the  guides.  The  wear  of  the  piston  rings  also  had 
been  exceedingly  small.  Now  if  such  behavior  is  possible  in  England, 
why  not  here?  The  engines  which  I  speak  of  had  forced  lubrication; 
oil  was  pumped  through  the  bearings  automatically  and  kept  the  sur- 
faces from  touching.  We  all  know  there  is  absolutely  no  wear  if  the 
so-called  rubbing  surfaces  are  kept  apart  by  a  sufficiently  thick  film 
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of  clean  oil.  The  whole  question  of  design  then  comes  down  to  doing 
away  with  the  method  of  lubrication  which  requires  attention  on  the 
part  of  the  operating  crew,  and  of  making  it  all  automatic;  of  provid- 
ing a  continuous  stream,  not  a  few  occasional  drops,  preferably  under 
pressure.  So  far  as  the  valve  gear  is  concerned,  there  should  be  no 
trouble,  as  one  of  the  other  speakers  mentioned,  because  it  runs  only 
at  half  the  speed  of  the  engine. 

I  expect  some  will  raise  the  objections  that  at  higher  speeds  the 
economy  will  decrease  and  there  will  not  be  much  gain  in  power 
because  the  cylinder  cannot  be  filled  with  gas  and  air.  I  recom- 
mend that  such  critics  draw  a  curve  between  percentage  of  brake 
horsepower  and  average  pressure  of  air  and  gas  in  the  engine  cylinder 
daring  the  suction  stroke.     This  curve  will  be  a  revelation  to  them. 

With  regard  to  piston  rods,  it  has  been  said  that  although  they  are 
now  almost  of  prohibitive  size,  they  are  one  of  the  principal  trouble 
makers  in  gas  engines.  Mr.  Freyn  has  refuted  this  statement,  but 
has  not  gone  far  enough.  It  should  be  stated  exactly  what  has  caused 
these  troubles  and  I  should  like  to  draw  your  attention  to  one  design 
and  point  out  how  it  is  wrong.  In  this,  which  I  believe  it  is  the  one 
to  which  the  speaker  referred,  there  was  a  hole  drilled  through  the 
top  of  the  piston  rod  for  the  purpose  of  admitting  the  cooling  water 
to  the  interior  of  the  rod.  This  was  drilled  in  the  place  where  the 
full  tensile  stress  and  the  maximum  bending  stress  occur  in  the  rod. 
Of  course  this  is  wrong  for  the  reason  that  wherever  there  is  a  hole 
drilled  in  a  tension  member,  the  stresses  at  its  edge  are  three  times 
the  regular  stresses  in  the  solid  material,  no  matter  how  small  the  hole 
is.  If  the  hole  is  large,  even  greater  stresses  are  produced  on  account 
of  the  smaller  cross-section  remaining.  This  drilling  of  the  hole  in 
the  rod  in  a  place  of  great  stress  is,  therefore,  a  mistake  of  engineer- 
ing; and  if,  on  top  of  that,  a  hole  is  drilled  in  the  shop  by  a  mistake 
at  right  angles  to  the  first  one  and  afterwards  plugged,  we  have  not 
only  a  mistake  of  engineering  but  almost  criminal  recklessness  in  the 
shop.  This  should  not  be  charged  against  the  gas  engine  in  general. 
A  gas  engine  correctly  designed  and  well  inspected  in  the  shop  will  not 
show  this  error. 

Turning  now  to  the  alleged  complication  of  gas-engine  valve  gears 
■with  their  troubles  of  maintenance  and  attendance,  I  wish  to  say,  in 
addition  to  the  remarks  by  Mr.  Freyn,  that  we  do  not  have  to  go  to 
Europe  to  see  the  builders  throw  all  useless  stuff  away  and  simplify 
the  engine.  In  fact,  the  Westinghouse  Machine  Company  was 
the  first  to  build  a  simplified  valve  gear  of  the  constant-mixture  type 
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and  the  design  has  been  still  further  sinijjlified  by  Mr.  Ottesen  of  the 
Mesta  Machine  Company,  who  introduced  the  simple  butterfly 
valves  which  Mr.  Freyn  praises  so  strongly  in  the  European  engine. 
I  am  looking  forward  to  higher  rotative  speeds  and  simple  engines 
without  ginger-bread  work,  but  with  careful  methods  of  lubrication, 
and  I  feel  that  after  a  couple  of  years  we  will  look  with  a  sort  of  astonish- 
ment on  the  enormously  large  and  ponderously  moving  big  engines 
which  we  now  have  in  the  steel  works  of  this  section  and  will  wonder 
why  we  did  not  Ijuild  them  smaller  and  of  higher  speed  in  the  first 
place. 

A.  E.  Maccoun.  Mr.  Freyn,  like  a  great  many  others,  in  discuss- 
ing the  future  of  large  blast-furnace  gas  engines  in  America  is  very 
optimistic  and  seems  to  be  inclined  to  give  only  the  bright  side  of  this 
subject.  I  have  tried  rather  to  give  a  true  history  of  the  actual  con- 
ditions met  with  in  this  type  of  prime  mover  and  even  though  our 
experience,  as  Mr.  Freyn  states,  was  obtained  from  the  first  large  4- 
cycle  blast-furnace  gas  engines  built  in  this  country,  still  so  far  as 
records  show,  these  engines  have  at  least  given  as  good,  if  not  a  better 
account  of  themselves  than  most  of  the  later  engines  of  this  type. 
In  the  gas  power  plant  operated  by  Mr.  Freyn,  I  know  that  most,  if 
not  all,  of  the  experiences  have  been  encountered  which  are  covered 
by  my  discussion.  In  fact,  so  far  as  I  know  there  is  no  large  blast- 
furnace gas-engine  plant  in  this  country  that  has  not,  and  therefore 
I  do  not  think  Mr.  Freyn  is  quite  as  frank  in  treating  this  subject  as 
he  should  be.  I  have  perfect  confidence,  however,  that  most  of  them 
will  be  overcome  by  changes  in  material  and  design  and  my  object 
has  been  merely  to  present  this  matter  before  the  Society  in  its  true 
light  and  to  look  at  the  subject  from  both  sides. 

The  blast-furnace  gas  engine  unquestionably  has  a  great  advantage 
over  the  steam  engine,  on  account  of  its  greater  economy  in  transform- 
ing heat  into  useful  work,  and  this  advantage  is  manifestly  greater 
when  the  cost  of  fuel  is  high.  Mr.  Freyn  suggests  that  the  price  of 
fuel  in  the  Pittsburg  district  may  be  increased.  If  this  should  be  the 
case  it  will  make  the  gas  engine  more  desirable  in  this  district. 

To  compensate  for  the  advantages  of  the  gas  engine,  any  fair-minded 
person  must  grant  there  are  some  disadvantages,  such  as  high  first 
cost ;  large  sizes  for  comparatively  small  powers ;  harder  duties  to  per- 
form by  its  different  parts  on  account  of  the  enormous  pressure  and 
temperature  conditions,  due  to  the  explosion  principle  of  the  gas 
engine  cycle;  and  necessarily  more  careful  attention  and  a  greater 
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amount  of  repairs  are  required  than  for  a  steam  engine  of  the  same 
type. 

I  stated  that  with  the  larger  size  gas  engines,  for  instance  cyhnders 
of  48-in.  diameter,  it  becomes  nearly  impossible  to  designs  the  working 
parts,  such  as  cylinders,  piston  rods,  etc.,  strong  enough  to  stand  the 
strains.  Mr.  Freyn  states  this  is  quite  common  practice  abroad  and 
that  they  make  cylinders,  pistons,  etc.  for  engines  of  this  size  very 
successfully,  on  account  of  the  better  foundry  practice.  I  am  sure 
we  would  all  appreciate  seeing  the  drawings  of  a  cylinder  of  this  size, 
made  from  cast  iron,  that  had  proven  by  time  that  it  was  satisfactory, 
an.d  also  hearing  about  the  differences  in  foundry  practice  here  and 
abroad,  as  these  are  some  of  the  most  vital  parts  of  a  gas  engine. 

Mr.  Freyn  states  that  abroad  5  per  cent  nickel  is  used  in  their 
piston  rods  and  that  in  this  country  we  would  not  think  of  making 
such  an  expensive  piston  rod.  I  think  he  is  entirely  mistaken,  as  we 
would  be  perfectly  willing  to  use  any  percentage  of  nickel  in  a  piston 
rod  if  we  thought  anything  was  to  be  gained  by  its  use. 

The  analysis  of  the  nickel  steel  rods  we  originally  had  was  approxi- 
mately as  follows:  carbon  0.32  per  cent;  manganese  0.54  per  cent; 
phosphorus  0.048  per  cent;  sulphur  0.024  per  cent;  nickel  3.11  per 
cent;  silicon  0.215  per  cent.  If  Mr.  Freyn  could  give  us  the  analyses 
of  the  rods  he  refers  to  I  am  sure  it  would  be  appreciated.  He  states 
that  abroad  they  do  not  have  to  make  their  piston  rods  nearly  as 
large  as  ours,  and  still  get  the  required  strength.  In  going  over  many 
German  designs,  I  find  just  the  opposite  and  very  few  of  their  rods 
have  a  maximum  stress  on  a  section  of  the  rod,  due  to  explosion  pres- 
sure, of  over  5000  lb.  per  sq.  in. 

Regarding  the  fastening  of  rods  to  cross-heads  with  differential 
nuts,  Mr.  Freyn  also  states  that  they  have  no  trouble  from  this  source, 
and  we  would  also  like  to  know  how  this  trouble  is  avoided,  as  all 
these  details  are  of  great  interest  and  value. 

I  am  glad  to  hear  Mr.  Freyn  has  changed  his  views  in  favor  of  the 
constant-mixture  system  and  it  would  also  have  been  of  great  interest 
to  have  heard  more  from  him  regarding  the  simple  valve  gear,  consist- 
ing of  a  light  governor  operating  butterfly  valves. 

I  fully  agree  ^vith  Mr.  Freyii  regarding  the  Snow  gas  engine;  it  is 
a  splendid  machine  and  Mr.  Scott,  its  design.er,  deserves  the  greatest 
credit.  But  even  Mr.  Scott  was  compelled  from  experience  to  adopt 
cast-steel  cylinders  and  pistons,  and  some  difficulties  have  been 
experienced  even  on  this  engine  with  piston  rods  and  other  details. 

I  am  fully  satisfied  that  we  can  make  as  good  material,  and  build 
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and  design  as  good  a  blast-furnace  gas  engine  in  this  country  as  can 
be  done  abroad.  It  may  be  that  abroad  they  do  not  tell  us  all  their 
troubles,  or  that  the  duty  imposed  on  their  engines  is  not  so  severe. 

Jos.  Morgan.  The  fact  of  the  heat  economy  of  the  gas  engine  over 
the  best  steam  results  is  established,  but  as  in  previous  discussion, 
attention  must  be  directed  to  the  whole  problem  which  includes  rela- 
tive first  cost  and  interest  on  plant  as  part  of  the  total  cost  of  operation. 

When  it  comes  to  electrical  generators  the  difference  in  first  cost 
of  the  small  2000  to  3000  gas-driven  units  and  the  much  larger  modern 
turbine  units  cannot  be  ignored.  It  is  asserted  that  the  gas  engine 
costs  less  than  is  popularly  supposed,  and  that  it  is  being  cheapened 
by  simpler  gas-valve  and  cut-off  gear  and  by  much  higher  speed  in 
blowing  engines  due  to  the  use  of  light  sheet  steel  in  valves.  The 
latter  will  certainly  help  the  gas  engine  by  increasing  its  capacity, 
but  the  gas  valve  gear  is  a  trifling  part  of  the  gas  engine.  Its  great 
cost  is  in  its  massiveness,  due  to  the  high  explosive  pressures  it  has 
to  endure,  affecting  the  heavy  parts,  the  bed,  the  shaft,  the  cylinders, 
piston,  connecting  rod  and  crosshead.     Most  of  the  cost  is  in  these. 

Gas  engine  driving  generators  cannot  be  helped  much  by  increase 
of  speed  as  this  has  never  been  limited.  Operating  superintendents 
will  agree  with  Mr.  Friedlander  that  a  3000-kw.  unit  is  too  small  for 
plants  intended  to  generate  20,000  to  50,000  kw.  and  upward.  All 
the  economies  of  operation  are  in  favor  of  the  larger  units  up  to  10,000 
or  15,000  kw.  There  is  a  tendency  on  the  part  of  the  gas-engine  advo- 
cates to  ignore  the  recent  developments  in  steam  plants,  the  greater 
steam  productiveness  of  the  boiler  units,  with  lessened  unit  cost. 
Most  of  all  do  they  ignore  the  great  emergency  reserve  capacity 
of  the  steam  turbine,  in  which  it  is  greatly  the  superior  of  the  gas 
engine.  This  reserve  capacity  of  the  turbine  is  important  in  lessen- 
ing the  necessary  power  investment. 

For  the  last  half  century  the  quantity  of  coal  mined  has  increased 
100  per  cent  every  ten  years,  and  its  price  is  gradually  going  upward, 
as  Mr.  Freyn  points  out.  This  is  recognized  in  our  use  of  by-product 
coke  ovens  which  save  about  10  per  cent  of  the  coal  burned  to  waste 
in  the  beehive  oven,  saving  also  large  amounts  of  gas,  tar  and  ammonia 
heretofore  wasted.  Mr.  Parker  in  his  report  to  the  U.  S.  Geological 
Survey  for  1909,  says:  "1,350,000  h.p.  is  going  to  waste  in  the  coking 
region  of  the  United  States  every  day  in  the  year.  In  the  Connells- 
ville  region  the  energy  from  38,000  ovens  exceeds  570,000  h.p.  The 
total  value  lost  in  the  United  States  by  wasteful  coking  methods  is 
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$38,000,000  per  annum  and  the  value  now  recovered  is  $8,000,000 
per  annum."  Notwithstanding  these  facts,  works  managers  have  had 
to  take  into  consideration  the  large  amount  of  capital  required  to  re- 
place beehive  by  by-product  ovens,  and  have  conservatively  awaited 
their  development  with  the  proof  of  their  capacity  and  durability. 

This  also  is  the  present  attitude  of  many  managers  toward  costly 
gas-engine  installations.  For  generating  electricity,  disregarding 
first  cost,  no  cheaper  prime  mover  can  be  found  than  the  water  tur- 
bine, but  many  hydro-electric  plants  have  been  built,  bankrupting 
the  building  corporations  because  their  first  cost  was  too  great  and 
a  paying  load  was  not  to  be  found. 

It  is  to  the  pacing  load  that  attentionmust  be  directed.  Electric 
current  is  worth  nothing  if  it  cannot  be  sold  and  blast  furnace  gas  is 
of  no  value  when  blown  to  waste.  There  is  much  exaggeration  of  the 
possible  gain  by  gas  engines.  One  prominent  gas  engine  building  con- 
cern has  been  industriously  circulating  a  theoretical  calculation  upon 
the  value  of  power  from  a  blast  furnace  plant  about  as  follows: 

"For  two  blast  furnaces  making  500  tons  of  pig  each  daily,  coke  ton  per 
ton,  60  cu.  ft.  of  air  per  lb.  coke,  the  surplus  power  available  is  as  follows: 
Power  available  over  furnace  requirements  and  the  coal  equivalent  of  same 
based  on  a  load  factor  of  75  per  cent,  (a)  with  compound  steam  blowing 
engines  and  steam  turbo-electric  generators,  10,225  h.p.  =  60,600  tons  coal 
yearly;  (6)  with  gas  blowing  gas  generator  drive,  26,350  h.p.  =  85,400  tons 
coal  yearly." 

The  accountant  not  satisfied  with  this  showing  proceeds  to  double 
the  coal  to  156,000  tons  of  coal  as  saved  by  using  a  gas  engine  instead 
of  steam  engines  and  coal  under  boilers  to  generate  an  equal  amount  of 
current.  The  real  saving  assuming  all  the  current  used  is  only  the 
difference,  85,400  -  60,600  =  25,800  tons  of  coal,  which  may  be 
largely  or  entirely  offset  by  the  greater  operating  cost  of  the  gas-engine 
plant. 

Managers  of  electric  plants  are  well  aware  how  much  the  load  factor 
influences  the  cost  of  production,  and  that  the  most  difficult  part  of 
the  business  is  to  keep  the  paying  load  fairly  full  at  all  times.  Prac- 
tically few  plants  average  over  30  to  50  per  cent  of  their  full  capa- 
city. Mr.  Hoff,  Chief  Engineer,  of  Duedehngen,  Germany  at  meet- 
ing of  German  iron  workers,  in  May  1911,  is  quoted  as  saying:  "In 
twenty-nine  German  electrical  generating  plants  in  steel  works  an 
average  of  38  per  cent  of  the  power  of  the  gas  plants  is  utilized." 
In  a  plant  depending  upon  the  output  of  furnace  gas,  for  the  power 
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developed,  a,t  times  much  of  the  gtis  is  blown  to  waste  and  lost,  for 
the  gas  power  nmst  be  at  all  times  equal  to  carrying  the  maximum 
load  and  therefore  much  of  the  time  when  there  is  no  such  load,  there 
will  be  a  gas  surplus  wasted. 

The  actual  kilowatt  capacity  of  the  Gary  plant,  as  published,  shows 
probably  not  over  one-half  the  furnace  capacity  of  gas  used.  The 
load  has  not  yet  been  built  up  to  full  furnace  capacity  nor  can  it  ever 
be  so  large  unless  there  shall  be  a  steam  turbo-electric  generating 
reserve. 

This  leads  to  the  suggestion  that  what  we  need  to  utilize  all  this 
by-product  power  is  a  general  public  system  of  transmission  lines  or 
a  sort  of  electrical  power  clearing  house  to  take  all  surplus  current 
produced  as  a  by-product  by  blast-furnace  and  coke-oven  plants,  and 
to  supply  all  users  of  power,  whether  railroads,  manufacturers  or 
towns,  makers  to  be  credited  and  users  to  be  charged  with  current. 
This  system  would  have  at  some  convenient  place  near  fuel  and  con- 
densing water  large  reserve  generating  stations  to  make  up  all  defi- 
ciencies, which  would  result  in  great  economies  of  operation  and  reduce 
the  total  cost  of  installation  to  the  community.  In  no  other  way 
can  so  much  of  the  by-product  gas  be  used  to  generate  power. 

E.  D.  Dreyfus.  It  is  indeed  very  fortunate  to  have  operators 
express  themselves  so  frankly  on  both  the  good  and  unsatisfactory 
features  developed  by  the  large  gas  engine  in  service,  and  the  methods 
undertaken  to  correct  the  latter.  Mr.  Maccoun  has  typified  the  im- 
portant changes  which  have  been  essential  in  the  designs  of  the  large 
gas  engines,  and  while  apparently  it  has  not  been  expressed  in  the  same 
way  for  all  other  plants,  it  is  well  known,  of  course,  that  they  have 
had  the  same  degree  of  trouble,  which  may  or  may  not  have  been  so 
completely  overcome,  or  else  their  final  solution  is  still  in  the  future 
and  not  available  at  present.  The  exposition  of  troubles  of  the  more 
or  less  transient  nature  described  may  create  a  feeling  of  apprehension 
in  the  minds  of  some  power  users,  when  on  the  other  hand  it  should 
really  prove  reassuring  to  them  on  account  of  their  successful  correc- 
tion, as  pointed  out  by  Mr.  Maccoun. 

It  seems  in  truth  that  the  experience  of  many  with  the  gas  engine 
has  been  that  the  difficulties  met  varied,  it  may  be  said,  as  some  power 
greater  than  unity  in  proportion  to  their  dimensions.  This  may  be 
explained  by  the  greater  magnitude  of  forces  and  bulk  of  material 
existing  in  the  larger  engines.  Smaller  units  for  electric  and  industrial 
purposes,  therefore  have  not  been  attended  with  anything  like  the 
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same  "woes",  relatively,  and  in  consequence,  with  the  ratio  of  lieat 
(efficiency  of  the  steam  and  gas  plants  increasing  in  favor  of  the  latter 
with  tliminishing  size  of  units,  there  is  no  question  about  the  small  and 
moderate  sized  gas  engine  becoming  a  greater  economic  factor  in  our 
iii.du.stries. 

The  preceding  remarks  obviously  exempt  engines  not  well  designed 
or  accurately  built.  The  large  gas  engine  under  the  present  conditions 
h;;s  been  properly  limited  mainly  to  the  blast-furnace  plant  where 
ihere  is  a  gaseous  by-product  fuel  and  particiilarly  where  most  instal- 
1  ivious  have  not  required  a  large  number  of  units.  In  the  large  plant 
b  inxh).g  coal  at  prices  obtaining  in  this  country,  it  is  impossible  to 
show  an  advantage  with  the  gas  engine  in  spite  its  high  thermal  effi- 
ciency due  to  the  greater  economy  in  labor,  operating  supplies  and 
iv>. vestment  realized  with  the  steam  turbine.  As  mentioned  before 
1  liis  does  not  hold  with  moderate  and  small  capacities  and  in  this  range 
Wf  will  probably  find  the  gas  engine  will  forge  ahead  rapidly. 


REPORT  OF  THE  PLANT  OPERATIONS  (^OMMITTEE 

The  Plant  Operations  Committee  has  been  actively  engaged  during 
the  past  year  in  soliciting  operating  costs  from  various  gas  power 
plants,  only  a  few  of  which  have  responded  with  available  data.  At 
the  present  time,  one  prominent  manufacturer  is  cooperating  to  secure 
other  data,  which  will  probably  be  submitted  later. 

The  Committee's  correspondence  indicates  that  during  the  past 
few  years  various  engineering  bodies  have  devoted  considerable  time 
to  investigating  similar  data,  sending  numerous  requests  for  informa- 
tion all  over  the  country,  to  answer  which  requires  both  time  and 
expense.  They  recommend  that  such  investigations  shall  in  future 
be  made  in  conjunction  with  such  other  societies  as  may  be  interested, 
thus  reducing  the  number  of  inquiries. 

The  following  data  were  submitted  by  the  Plant  Operations  Com- 
mittee, consisting  of  I.  E.  Moultrop.  Chairman,  J.  D.  Andrew,  C.  J. 
Davidson,  C.  N.  Duffy,  H.  J.  K.  Freyn,  W.  S.  Twining,  C.  W.  Whit- 
ing, with  the  recommendation  that  the  committee  be  discharged: 

The  plants  upon  which  the  Committee  is  able  to  make  a  report  are  described 
in  some  detail  in  the  following  pages  and,  following  each  description  is  a  sum- 
mation of  their  operating  costs.  In  some  instances,  these  cost  records  cover  a 
few  months  and,  in  one  instance,  a  considerably  longer  period  of  operation. 

For  the  purpose  of  identification,  but  without  disclosing  the  name  or  loca- 
tion, the  plants  are  designated  by  letters. 

It  should  be  distinctly  understood  that  the  cost  figures  are  presented  as 
they  are  furnished  by  the  operators.  The  Committee  has  not  been  in  a  posi- 
tion to  verify  or  question  any  of  the  operating  costs  which  are  herein  presented. 

PLANT  A 

DETAILS    OF    PLANT 

Producers.  There  are  two  250-h.p.  pressure  producers,  7  ft.  0  in.  inside 
diameter,  with  water  seal  bottoms  and  9  in.  fire-brick  linings,  also  two  wet 
scrubbers,  7  ft.  6  in.  in  diameter  by  18  ft.  0  in.  high,  filled  with  wooden  lattice 
work.  There  are  two  dry  scrubbers,  7  ft.  0  in.  square  by  3  ft.  6  in.  high,  filled 
with  coarse  shavings. 

Presented  at  the  Spring  Meeting,  Pittsburgh,  1911,  of  The  American 
Society  of  Mechanical  Engineers. 
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Gas  Engines.  There  is  one  .500-h.p.  liorizontal,  double-acting,  4-stroke- 
cycle  engine  with  two  cylinders,  231  in.  by  33  in.,  arranged  tandem.  The  engine 
has  three  bearings  rigidly  in  line.  It  runs  at  150  r.p.m.  and  is  direct  connected 
to  an  electric  generator.  It  is  started  by  compressed  air  at  100  lb.  pressure 
and  has  an  electric  ignition  of  the  make-and-break  type,  the  source  of  supply 
being  a  110-volt  direct-current  lighting  circuit  and  a  motor  generatoi  set. 

AUXILIARIES 

There  are  two  tar  extractors  and  one  blower. 

Details  of  Operation.  The  data  received  covered  two  complete  month.s. 
The  plant  is  run  24  hours  per  day  from  6  a.m.  Monday  until  12  p.m.  Saturday 
night,  and  the  current  generated  is  utilized  for  light  and  power.  During  the 
two  months,  a  total  of  308,410  kw-hr.  was  generated  and  35,190  kw-hr.  was 
used  in  the  plant,  leaving  a  net  output  of  273,220  kw-hr.  The  fuel  used  is  bitu- 
minous coal.  The  cooling  water  from  the  engine  is  utilized  for  other  purposes 
and  is  not,  therefore,  charged  to  the  plant.  The  cooling  and  cleaning  water 
for  the  scrubbers  is  not  given. 

COST    OF    OPERATION 

Fuel $0.2576  per  net  kw-hr. 

Water 0  0000  per  net  kw-hr. 

Supplies,  oil $0  0141 

f^"    waste,  etc 0.0024 

Total 0.0165  per  net  kw-hr. 

Superintendence 0.0000  per  net  kw-hr. 

Labor,  producer  room 0. 1585 

engine  room 0.0555 

electrical 0.0000 

Total 0 .2140  per  net  kw-hr. 

Repairs,  producer 0.0127 

engines 0 .  0040 

electrical 0.0000 

Total 0.0167  i)er  net   kw-hr. 

Total  cost 0.5048  per  net  kw-hr. 

PLANT  B 
DETAILS    OP    PLANT 

Producers.     There  is  one  set  of  producers  of  the    Loomis-Pettibone   tyj)e. 

Gas  Engines.  There  is  one  500-h.p.  horizontal,  double-acting,  4-stroke- 
cycle  engine  with  two  cylinders,  23^  in.  by  33  in.,  arranged  tandem.  The 
engine  has  two  bearings  rigidly  in  line.     It  runs  at  150  r.p.m.  and  is  direct 
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connected  to  an  electric  generator.  It  is  started  by  com])ressed  air  at  240  lb. 
pressure,  and  has  an  electric  ignition  of  the  makc-and-break  type,  the  source 
of  sujiply  being  a  llO-xolt  lighting  circuit. 

DETAILS    OF   OPERATION 

The  data  received  are  for  fiftc(Mi  complete  months.  The  plant  is  run  ten 
hours  ]ier  day. 

COST    OF    OPERATION 

Fuel $0.4460  per  net  kw-hr. 

Water 0.0879  per  net  kw-hr. 

Supplies,  oil $0.04G5 

waste,  etc 0.0335 

Total 0.0800  per  net  kw-hr. 

Superintendence 0.0000  per  net  kw-hr. 

Labor,  producer  room 0 .  1G03 

engine  room 0.2050 

electrical 0.0000 

Total 0.3653  per  net  kw-hr. 

Repairs,  produced  0  0243 

engines 0,2375 

electrical 0 .0000 

Total 0.2618  per  net  kw-hr. 

Total  cost 1 .2410  per  net  kw-hr. 

PL.\NT  C 
DETAILS    OF    PLANT 

Producers.  There  are  two  sets  of  producers  of  the  Loomis-Pettibone  tj^pe 
and  of  2000-h.p.  capacity  each. 

Gas  Engines.  There  are  two  1500-h.p.  horizontal,  double-acting,  4-stroke- 
cycle  engines  each  with  four  cylinders,  32  in.  by  42  in.,  arranged  twin  tandem. 
Each  engine  has  two  bearings  rigidly  in  line.  They  run  at  107  r.p.m.  and  are 
direct  connected  to  electric  generators.  They  are  started  by  compressed  air 
and  have  an  electric  ignition  of  the  make-and-break  type,  the  source  of  sui)])ly 
being  a  motor  generator  set  supplying  current  at  60  volts. 

The  information  following  is  taken  from  the  plant's  own  forms,  as  due  to 
the  supervision  of  a  State  Commission  they  could  not  use  our  forms  without 
duplicating  the  work. 
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COST   OF   OPERATION 

For  the  Year  1908 

Fuel $0.5G6     per     kw-hr 

Water O.OOJ     per     kw-hr. 

Supplies,  oil  and  waste $0,044 

miscellaneous 0.013 

Total 0.057     per     kw-hr. 

Superintendence 0.031     per     kw-hr. 

Labor,  producer  room  and  engine  room 0.173 

electrical 0.000 

Total 0.173     per     kw-hr. 

Repaii-s,  producer 0.006 

engine 0 .  000 

electrical 0.004 

Total 0.010     per     kw-hr. 

Total  cost 0.837     per     kw-hr. 

For  the  Year  1909 

Fuel $0,439     per     kw-hr- 

Water 0.000     per     kw-hr. 

Supplies,  oil  and  waste 0.029 

miscellaneous 0 . 016 

Total 0.045     per     kw-hr. 

Superintendence 0.023     per     kw-hr. 

Labor,  producer  room 0. 109 

engine  room 0.066 

electrical 0 .000 

Total 0. 175     per     kw-hr. 

Repairs,  producer 0.020 

engine 0 .  006 

electrical 0 .  002 

Total 0.028     per      kw-hr. 

Total  cost. . . '. 0.710     per      kw-hr. 

For  the  Year  1910 

Fuel $0,422     per     kw-hr- 

Water 0.003     per     kw-hr- 

Supplies,  oil  and  waste $0,024 

miscellaneous 0.015 

Total 0.039     per     kw-hr. 
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Superintendence 0.026     per     kw-hr. 

Labor,  producer  room 0.102 

engine  room 0.063 

electrical 0.000 

Total 0.165     per     kw-hr. 

Repairs,  producer   0.024 

engine 0.004 

electrical 0.005 

Total 0.033      per      kw-hr. 

Total  cost 0.688      per     kw-hr. 

PLANT  D 
DETAILS    OF    PLANT 

Producers.  There  are  two  400-h.p.  pressure  producers,  8  ft.  0  in.  inside 
diameter  with  water  seal  bottoms  and  with  9  in.  fire-brick  linings,  and  two  wet 
scrubbers,  8  ft.  0  in.  in  diameter  by  20  ft.  0  in.  high,  filled  with  coke.  There 
are  two  drj^  scrubbers,  6  ft.  0  in.  square  by  3  ft.  6  in.  high. 

Gas  Engines.  There  are  three  250-h.p.  vertical,  single-acting,  4-stroke- 
cycle  engines  each  with  three  cylinders,  20  in.  by  19  in.  arranged  side  by  side. 
Each  engine  has  five  bearings  rigidly  in  line.  They  run  at  230  r.p.m.  and  are 
direct  connected  to  electric  generators.  They  are  started  by  compressed 
air  at  200  lb.  pressure  and  have  an  electric  ignition  of  the  make-and-break 
type,  the  sources  of  supply  being  a  primary  battery  and  a  direct-driven  magneto. 

DETAILS    OF    OPERATION 

The  data  received  are  for  three  complete  months.  The  plant  was  in  oper- 
ation 14.39  hr.  during  the  three  months  and  generated  a  total  of  309,300  kw-hr. 
The  fuel  used  was  No.  1  anthracite  buckwheat. 

COST    OF    OPERATION 

Fuel $0.2828  per  net  kw-hr. 

Water 0.0000  per  net  kw-hr. 

Supplies,  oil,  waste,  etc 0.0572  per  net  kw-hr. 

Superintendence 0.0000  per  net  kw-hr. 

Labor,  producer  room 0.1135 

engine  room 0, 2640 

electrical 0.0000 

Total 0.3775  per  net  kw-hr. 

Repairs,  producer 0.0249 

Repairs,  engines,  electrical 0. 1745  per  net  kw-hr. 

Total  cost 0.8920  per  net  kw-hr. 
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The  cost  of  coal  at  the  plant  given  was  $2.55  per  ton  at  Plant  A;  $4.53  per 
ton  at  Plant  B;  unknown  at  Plant  C;  and  $2.33  per  ton  at  Plant  D.  Reducing 
the  cost  of  coal  at  Plant  B  to  $2.50  per  ton,  the  costs  of  operation  compare  a.« 
follows : 

Plant  A $0,505     per     kw-hr. 

Plant  B 1 .041     per     kw-hr. 

Plant  C 0.745     per     kw-hr. 

Plant  D 0.892     per     kw-hr. 

Average 0 .  796    per      kw-hr. 


PRELIMINARY    REPORT    OE    LITERATURE 
COMMITTEE 

(IX) 

ARTICLES  IN  PERIODICALS' 

Bituminous  Coal,  Suction  Producer  for.  The  Engineer  {London),  Jiili/  21 , 
1911.     H  pp.,  3  figs.,  1  table.     bfA. 

Invented  and  built  by  R.  V.  Farnham  of  Farnham's  Patents,  Ltd.,  Glasgow,  Engineers. 

Engine,  1350-B.h.p.  Gas.  The  Engineer  (London),  July  21,  1,911.  Ij  pp., 
2  figs.  bfA.  Also  London  Engineering,  July  21,  1911.  2  pp.,  3  figs.,  1 
table,     b. 

Describe?  in  detail  engine  made  by  Galloways,  Ltd.,  Manchester,  Eng.,  of  the  Ehrhardt  and  Seh- 
mer  horizontal  tandem,  double-acting  four-cycle  type,  and  is  intended  to  drive  an  800-kw.  Mather 
and  Piatt  alternator  continuously  day  and  night,  seven  days  per  week. 

Engines,  Modern  Diesel  Oil,  F.  Schubeler.  London  Engiaeerinj,  July  28, 
1911.    2  pp.,  1  fig.     bf. 

Description  and  possibilities  of  operation. 

Fiat  Marine  Oil  Engine.  The  Engineer  {London),  July  28,  1911.  1  p., 
1  fig.     bf. 

Describes  a  600-h.p.  marine  oil  engine,  Diesel  type. 

Fuel  Oil,  The  Heating  Value  of.     Cassier's  Magazine,  August  1911.     1  p.  /. 

Extract  of  Bureau  of  Mines,  Technical  Paper  No.  3,  Specifications  for  the  Purchase  of  Fuel  Oil 
for  the  Government,  by  Irving  C.  Allen. 

Kraftgas  Geneeatoren,  Braunkohlen,  H.  L.  Braunkohle,  March  31,  May 
19,  June  2,  1911.    31  pp.,  17  figs.,  6  tables.     abfB. 

Lignite  Gas  Producer  in  Texas,  The  Present  Status  of  the.  Electrical 
World,  August  5,  1911. 

'  Opinions  expressed  are  those  of  the  reviewer  not  of  the  Society.  Articles 
are  classified  as  a  comparative;  b  descriptive;  c  experimental;  d  historical; 
e  mathematical;  /  practical.  A  rating  is  occasionally  given  by  the  reviewer, 
SiS  A,  B,  C.     The  first  installment  was  given  in  The  Journal  for  May  1910. 
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Marine  Oil  Engine,   The  Weak  Points  of  the.     The  Engineer  {London), 
July  21,  1911.     1  p.     afA. 

The  lack  of  ability  to  run  at  very  low  speeds  without  undue  loss  in  efficiency  and  means  of  work- 
ing the  winches,  stearing  gear,  blowing  of  the  whistle,  heating  of  the  ship,  etc. 

MoTEURS  A  Combustion  interne  et  enparticulier  les  Moteurs  Diesel. 
U Industrie  Electrique,  June  10,  1911.     \  p.     acf. 

Describes  former  and  later  costs,  etc.,  of  internal-combustion  engines;   In  particular  the   Diesel 
engine. 

Motor,    New   French   High-Compression.     The   Engineer    {London),   July 
U,  1911.    3  pp.,  9  figs.     obfB. 

Describes  oil  engines  of  six-cylinder  reversing,  marine  type,  built  by  Societ6  des  Moteurs  Sabathe, 
St.  £;tienne.  Engineers. 

Producer  Plant  Experience   at  Huron,   S.   D.,   Gas.    Electrical   World, 
August  5,  1911.     1|  pp.,  3  figs. 

Traction  in  Europe,  Gasoline,  Francis  E.  Drake.     Electrical  World,  July  22, 
1911.    2  pp.,  5  figs. 


PERSONALS 

Edward  E.  Ashley,  Jr.,  formerly  mechanical  engineer  in  charge  of  the  elec- 
trical department  of  W.  G.  Cornell  Co.,  has  opened  an  office  of  his  own  in  New 
York. 

Henry  L.  Barton,  vice-president  of  the  Metals  Product  Co.,  Detroit,  Mich., 
has  accepted  a  position  with  the  General  Motors  Co.,  of  the  same  city. 

Andrew  C.  Campbell  has  severed  his  connection  with  the  E.  J.  Manville 
Machine  Co.,  Waterbury,  Conn.,  with  which  firm  he  was  identified  for  the  past 
16  years,  in  the  capacities  of  chief  engineer,  mechanical  executive,  secretary 
and  superintendent.  Mr.  Campbell  is  at  present  maintaining  an  office  in 
Waterbury,  as  consulting  engineer. 

William  L.  Dearborn,  secretary  and  treasurer  of  the  Eastwick  Engineering 
Company,  New  York,  is  representing  the  firm  of  Barclay,  Parsons  and  Klapp, 
Consulting  Engineers,  New  York,  in  Cuba,  and  is  resident  engineer  for  the 
Port  of  Havana  Docks  Co.  in  the  construction  of  the  new  reinforced  concrete 
docks  and  warehouses. 

George  T.  Frankenburg  has  been  appointed  superintendent  of  The  Columbus 
Brass  Co.,  Columbus,  Ohio.  He  was  formerly  outside  foreman  of  The  Cam- 
bria Steel  Co.,  of  Johnstown,  Pa. 

Herman  Gamper,  until  recently  superintendent  of  the  Municipal  Electric 
Light  Plant,  Columbus,  Ohio,  has  become  general  manager  of  the  Erie  Com- 
pany, Erie,  Pa. 

Wm.  Paul  Gerhard,  consul. ing  engineer  and  author  of  some  standard 
works  on  Household  Sanitation  and  on  Sanitary  Engineering  has  received 
the  honorary  degree  of  Docior  of  Engineering  from  the  German  Imperial 
Technical  University  of  Darmstadt. 

Lucian  L.  Haas,  formerly  associated  with  the  E.  R.  Thomas  Motor  Car 
Company  of  Buffalo,  N.  Y.,  is  now  chief  tool  designer  with  the  Alden  Sampson 
Manufacturing  Company,  Division  of  the  United  States  Motor  Company, 
Detroit,  Mich. 

Robert  E.  Hall  has  resigned  his  position  as  assistant  manager  of  Francis 
Bros.  &  Jellett,  Inc.,  Philadelphia,  Pa.,  to  become  vice-president  and  treasurer 
of  The  Goulds  Manufacturing  Co.  of  New  England,  Boston,  Mass. 
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Carleton  W.  Hubbard,  formerly  engineer  with  theMianus  Works,  Greenwich, 
Conn.,  has  taken  a  position  with  the  Sayles  Bleacheries,  Saylesville,  R.  I. 

E.  P.  Larkin  has  become  associated  with  the  United  States  Metal  Products 
Company,  College  Point,  N.  Y. 

Leo  Loeb  has  recently  been  made  assistant  steam  engineer  in  the  steam 
engineering  department  of  The  Cambria  Steel  Co.,  Johnstown,  Pa.  He  was 
formerly  assistant  professor  of  mechanical  engineering  at  the  Rensselaer  Poly- 
technic Institute,  Troy,  N.  Y. 

H.  H.  Maxfield  has  recently  been  transferred  to  the  Pittsburg  Shops  of  the 
Pennsylvania  Railroad.  He  was  formerly  master  mechanic  with  the  same  com- 
pany, Trenton,  N.  J. 

H.  F.  J.  Porter  has  been  appointed  secretary  of  the  Organizing  Committee 
of  the  Sixth  Congress  of  the  International  Association  for  Testing  Materials, 
which  will  be  held  in  Washington  and  New  York  in  September  1912. 

William  J.  Reilly,  formerly  manager  of  the  Cleveland  office  of  Babcock  & 
Wilcox  Co.,  has  been  transferred  to  their  Denver  branch. 

Arthur  D.  Shaw  has  been  appointed  manager  of  Francis  Bros.  «fe  Jellett, 
Philadelphia,  Pa.  He  was  formerly  as.sociated  with  the  Sagax  Wood  Co., 
Baltimore,  Md. 

Everett  W.  Swartwout  has  been  appointed  manager  of  the  Chicago  office 
of  the  Nordberg  Manufacturing  Company  of  Milwaukee,  Wis. 

Edward  G.  Thomas,  until  recently  engineer  with  the  Choralcelo  Mfg.  Co., 
Boston,  has  become  mechanical  engineer  of  The  Boss  Mfg.  Co.,  Kewanee,  111. 

O.  C.  Thompson  has  accepted  a  position  as  mechanical  engineer  with  the 
Healy  Box  Corporation,  New  York,  N.  Y.  He  was  formerly  works  manager 
of  the  National  Wire  Box  Co.,  South  Bend,  Ind. 

Arthuf  P.  Traette  has  become  identified  with  the  Goodyear  Tire  &  Rubber 
Co.,  Akron,  O.  He  was  formerly  assistant  in  mechanical  engineering,  Massa- 
chusetts Institute  of  Technology,  Boston,  Mass. 

Lewis  Wehner  has  severed  his  connection  with  the  Bucyrus  Company,  South 
Milwaukee,  Wis.,  to  become  chief  engineer  of  the  Vulcan  Steam  Shovel  Co., 
Toledo,  Ohio. 


ACCESSIONS  TO  THE  LIBRARY 

Tlii.s  list  includes  only  accessions  to  the  library  of  this  Society.  Lists  of  accessions  to  the 
libraries  of  the  A.  I.  E.  E.  and  A.  I.  M.  E.  can  be  secured  on  request  from  Calvin  W.  Rice, 
Secretary,  Am.  See.  M.  E. 

Annalen  fur  Gbwerbe  und  Bauwesen.    By  F.  C.  Glaser.  Vols.  1-15.   Berlin, 

1877-1884. 
Army  List  AND  Directory.    Officers  of  the  Army  of  the  United  States.    July 

20,  1911.    Washington,  1911.    Gift  of  U.  S.  Superintendent  of  Documents. 

AUSBILDUNGS  UND   PrUFUNGSSTELLEN  FUR  DEN  DEUTSCHEN  KrAFTFAHRZEUG- 

verkehr.     Mitteleuiropaischer  Motorwagen  Verein,  No.  15.     Berlin,  1911. 

Gift  of  the  society. 
Boston  Society  of  Civil  Engineers.     Constitution  an,d  By-Laws  and  List 

of  Members,  June  1911.     Boston,  1911.     Gift  of  the  society. 
Collapsing  Pressures  of  the  National  Tube  Company's  Bessemer  Steel 

Lap-Welded  Tubes.     (Report).     By  R.  T.  Stewart.    Alleghany,  1906. 
Congreso  Cientifico  (1°  Pan  Americano).     Ciencias  Economicas  y  sociales. 

Vol.2.     Santiago  de  Chile,  1911.     Gift  of  the  congress. 
Cost-Keeping  and  Scientific  Management.    By  H.  A.  Evans.    N&w  York, 

McGraw-Hill  Book  Co.,  1911. 
Directory  of  Boiler  Shop  Equipment  and  Supplies,  1911.    New  York,  1911. 

Gift  of  the  Boiler  Maker. 
Fighting  Ships.     By  F.  T.  Jane.    1911.    Huddersfield. 
FoRTSCHRiTTE  DER  Technik.    2d  Year,  1910,  7  vols.    Berlin,  1910. 
Furnace  Slags  in  Concrete.     Pittsburg,  1911.    Gift  of  Carnegie  Steel  Co. 
Indiana  Engineering  Society.     Proceedings  of  13th,  20th,  25th,  28th  Annual 

Meetings,  1893, 1900, 1905, 1908.     1893, 1900,  1905, 1908.     Gift  of  the  society. 
The    Institution    of   Mechanical    Engineers — Calcutta    and    District 

Section.     Proceedings,    1910-1911.     Calcutta,    1911.     Gift    of    honorary 

secretary  of  the  Calcutta  section. 
Lloyd's  Register  of  British  and  Foreign  Shipping.    Vols.  1-2,  1911-1912. 

London,  1911. 
Rules  and  Regulations  for  the  Construction  and  Classification  of  Steel 

Vessels.     1911-1912.    London,  1911. 
Massachusetts  Railroad  Commissioners.    40th^2d  annual  report.    1908- 

1910.     Boston,  1909-1 1 .     Gift  of  the  commissioner. 
Michigan    College    of    Mines.     Year    Book,    1910-1911.     Houghton,    1911. 

Gift  of  the  college. 
Milwaukee  Bureau  of  Economy  and  Efficiency.     Bulletin  No.  5.    Mil- 
waukee, 1911.     Gift  of  the  bureau. 
National  Machine  Tool  Builders'  Association.     Official  Report,  May  18, 

19,  1911.     Atlantic  City,  1911.     Gift  of  the  association. 
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National  Society  for  the  Promotion  of  Industrial  Education.     Trade 

Continuation   Schools   of  Munich.     Bulletin   No.   14.     New    York,   1911. 

Gift  of  the  society. 
New  York  State  Advisory  Board  of  Consulting  Engineers.    Report  to 

the  Governor,  1910.     Albany,  1911.     Gift  of  the  board. 
Pneumatic  Caissons.    By  T.   K.   Thomson.     Reprint    from   Construction, 

November-December  1908.     Gift  of  the  author. 
Poor's  Manual  of  Railroads,  1911.    44th  annual  number.    Neiv  York,  1911. 
Prevention  of  Industrial  Accidents.     No.  1 — General.     New  York,  1909. 

Gift  of  Fidelity  &  Casualty  Co.  of  New  YorJi. 
Rhode    Island   School   of   Design.    Year   Book,    1911.     Providence,   1911. 

Gift  of  the  school. 
Steam  Turbines.     Short  tre.itise  on  theory,  design  and  field  of  operation. 

By  J.  W.  Roe.     New  York,  McGraw-Hill  Book  Co.,  1911. 
Steel  Workers.     By  J.  A.  Fitch.     New  York,  Charities  Publication  Committee, 

1910. 
Textile  Education  among  the  Puritans.     By  C.  J.  H.  Woodbury.    Read 

before  Bostonian   Society,   April   18,   1911.    Boston,   1911.     Gift   of   the 

author. 
U.  S.  Ordnance  Department.     Report  of  the  Tests  of  Metals  and  Other 

Materials,  1910.     Washington,  1911.     Gift  of  the  Ordnance  Dept.    . 
University  of  Nebraska.     General  Catalogue.   1910-1911.     Lincoln.    Gift 

of  the  university. 
University  of  Nevada.     Register  1910-1911.    Reno,  1911.    Gift  of  the  uni- 
versity. 
Victorian    Institute    of    Engineers.     Proceedings.    Vol.    10,    Melbourne, 

1910.     Gift  of  the  institute. 
Work  Accidents   and   the   Law.     By   C.    Eastman.     New    York,    Charities 

Publication  Committee.  1910. 
Workingmen's  Insurance  in  Europe.     By  L.  K.  Frankel  and  M.  M.  Dawson. 

New  York,  Charities  Publication  Committee,  1910. 

EXCHANGES 

American  Institute  of  Architects.  Proceedings  of  44th  Annual  Conven- 
tion,  1910.     Washington,   1910. 

New  England  Water  Works  Association.  Constitution  and  List  of  Mem- 
bers.    July  1911.     Boston,  1911. 

Society  of  Naval  Architects  and  Marine  Engineers.  Transactions. 
Vol.  18,  1910.     New  York,  1910. 

U.  S.  Naval  Observatory.  Publications.  2d  series.  Vols.  6-7.  Wash- 
ington,   1911. 

U.  S.  Patent  Office.  Annual  Report  of  the  Commissioner  of  Patents.  1910. 
Washinoton.  1911. 
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Decimal  Classification  and  Relative  Index.     By  M.Dewey.     Ed.  7,  1911. 

Lake  Placid  Club,  New  York,  1911. 
Moody's  Manual  of  Railroads  and  Corporation  Seciirities.     12th  annual 

number,  1911.     Ne.io  York,  1911. 
Oklahoma  Geological  Survey.     Bull.  No.  3.     Norman,  1910.     Gift  of  the 

survey. 

TRADE  CATALOGUES 

\Vm.  Bailey  Co.,  Springfield,  O.  Bailey-Springfield  steel  and  iron  window 
sash,  18  pp. 

Bristol  Co.,  Waterbury,  Conn.  Catalogue  No.  160,  Recording  instrufnents  for 
pressure,  temperature,  electricity,  speed,  time,  etc.,  64  pp.;  Bull.  No.  142, 
Recording  water  level  gages,  23  pp. 

Flannery  Bolt  Co.,  Pittsburg,  Pa.  The  Tate  flexible  staybolt  and  informa- 
tion on  the  breakage  of  staybolts,  34  pp. 

Hess-Bright  Mfg.  Co.,  Philadelphia,  Pa.  DWF  adapter  and  the  method  of 
assembling  it  with  bearings  on  a  straight  shaft,  1  p.;  Application  of  float- 
ing bushes  to  grinding  machine  spindles,  1  p.;  Method  of  assembling  an 
adapter  with  mountings,  1  p.;  Ball  bearings  in  horizontal  molding  ma- 
chines, 1  p. 

Ingersoll  Milling  M.\chine  Co.,  Rockford,  III.  Heavy  duty  knee  type 
millers,  8  pp.;  Examples  of  rapid  milling  done  on  an  Ingersoll  miller,  14 
pp.;  Milling  machines,  102  pp. 

Michigan  Wire  Cloth  Co.,  Detroit,  Mich.  Catalogue  on  wire  cloth  of  all 
types,  189  pp. 

Model  Stoker  Co.,  Dayton,  0.  Model  automatic  smokeless  furnace,  48 
pp. 

Sherwood  Mfg.  Co.,  Buffalo,  N.  Y.  Injectors  and  ejectors,  oil  pumps,  oil 
cups,  flue  scrapers  and  blowers,  engine  appliances,  62  pp. 

Sims  Co.,  E7ie,  Pa.  Hot  water  generators  and  converters,  laundry  heaters, 
live  steam  and  water  mixers,  27  pp. 

Westinghouse  Electric  &  Mfg.  Co.,  Pittsburg,  Pa.  Circular  1104,  Portable 
meters  for  alternating  current,  31  pp. 


EMPLOYMENT  BULLETIN 

The  Society  has  always  considered  it  a  special  obligation  and  pleasant  duty  to  be  the  medium 
of  securing  better  ositions  for  its  members.  The  Secretary  gives  this  his  personal  attention 
and  is  most  anxious  to  receive  requests  both  for  positions  and  for  men  available.  Notices  are 
not  repeated  except  upon  special  request.  Copy  for  notices  in  this  Bulletin  should  be  received 
before  the  15th  of  the  month.  The  list  of  men  available  is  made  up  of  members  of  the  Society 
and  tliese  are  on  file,  with  the  names  of  other  good  men  not  members  of  the  Society,  who 
are  capable  of  filling  responsible  positions.      Information  will  be  sent  upon  application. 

POSITIONS    AVAILABLE 

0112  Responsible  salesmen  wanted  by  established  manufacturers  of  steam 
specialties.  Unusual  possibilities  to  a  live  wire.  Give  experience  and  state 
age. 

0113  Works  manager  of  an  agricultural  implement  factory  employing  from 
five  hundred  to  one  thousand  men.  Prefer  a  man  who  has  already  proven 
successful  and  is  at  present  employed  in  a  similar  capacity  with  some  represen- 
tive  manufacturer.  Applicant  must  be  of  highest  order  of  engineer.  Address 
c/o  Am.Soc.M.E. 

0114  Thoroughly  competent  engineer,  technical  education,  who  has  had 
five  or  more  years'  experience  in  practical  engineering.  Must  be  thoroughly 
fitted  in  refrigerating  and  steam  engineering,  capable  of  being  a  licensed  engi- 
neer; also  require  some  knowledge  of  buildings,  to  look  after  alterations,  changes 
and  improvements  both  in  steam  and  power,  ammonia  and  general  packing 
house  work.     Location  Middle  West. 

0115  Young  engineer  to  take  charge  of  manufacturing  end  of  micanite  com- 
pany, for  concern  engaged  in  development  of  mica  mine  in  West.  Experience 
in  this  particular  line  of  manufacture  essential.     Address  c/o  Am.Soc.M.E. 

0116  Mechanical  engineer,  first  class  draftsman  and  practical  tool  maker, 
cotn])etent  to  take  charge  of  department  manufacturing  water  meters.  Prefer 
man  who  has  had  experience  in  above  line  of  work.  Only  man  of  the  highest 
ability  will  be  considered. 

MEN   AVAILABLE 

262  Associate,  age  33,  desires  responsible  position;  experienced  in  design 
and  erection  of  mining,  milling  and  smelting  machinery,  mills,  etc.,  gas  pro- 
ducers and  gas  plants,  miscellaneous  machinery.  Location  unimportant. 
Excellent  references. 
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263  Member,  having  basic  patent  on  method  of  governing  gas  engines, 
desires  to  interest  capital  to  take  out  and  finance  foreign  patents  on  same; 
and  form  company  to  collect  royalties  and  control  situation  in  this  country. 
Only  individuals  or  corporations  controlling  unlimited  means  will  be  con- 
sidered. 

264  A.ssociate,  fifteen  years'  experience  as  draftsman,  squad  foreman  and 
checker,  on  blast  furnaces,  steel,  rolling,  pipe  and  tube  mills,  coke  ovens  and 
chemical  apparatus,  desires  to  locate  in  the  East,  preferably  near  Philadelphia 
or  New  York. 

265  Member,  graduate  Massachusetts  Institute  of  Technology,  practical 
manufacturing  and  selling  experience,  competent  to  fill  position  as  manager  or 
superintendent,  would  accept  good  position  as  assistant  or  in  sales  department 
or  branch  where  technical  or  mechanical  knowledge  is  required. 

266  Member,  experienced  as  marine  engineer,  also  designing,  building  and 
equipping  manufacturing  plants  of  all  kinds,  including  design  of  special  machin- 
ery, railroad  and  bridge  construction,  and  as  manager  of  a  large  business. 
Will  be  open  for  engagement  November. 

267  Mechanical  engineer  desires  position  as  manager  or  operating  engineer; 
for  twelve  years  with  large  industrial  plant  as  operating  engineer.  Best  of 
references. 

268  Member  desires  position  as  superintendent  of  foundry  or  works, 
engaged  mostly  in  foundry  work;  can  prove  ability  to  manage  and  make  money 
for  anyone  wanting  such  a  man.     Best  of  references. 

269  Junior  Member,  technical  graduate,  wishes  to  advance  with  a  construc- 
tion or  manufacturing  concern.     One  year's  experience  in  a  plate  glass  plant. 

270  Junior  Member,  graduate  mechanical  engineer,  age  30;  eight  years' 
experience  with  contracting  engineer  and  manufacturer,  designing,  estimating 
costs,  inspecting;  in  charge  of  work,  selling,  heating  and  ventilating.  At 
present,  executive  with  contracting  company;  best  references  from  previous 
and  present  connections.  Desires  to  hear  of  opening  for  branch  manager, 
assistant  engineer,  sales  engineer.     Salary  $2000. 

271  Junior  Member,  five  years'  experience  in  locomotive  and  car  depart- 
ment of  large  railroad,  three  years'  experience  in  automobile  selling  company; 
portion  of  time  spent  on  railroad  given  to  developing  scientific  management. 

272  Mechanical  engineer,  Cornell  graduate,  ten  years'  practical  experience, 
covering  factory  superintendence  and  maintenance,  building  construction, 
including  reinforced  concrete,  and  the  installation  and  operation  of  power 
plant  and  factory  machinery.  Desires  position  with  coiisulting  or  contracting 
engineers  or  as  executive  engineer  in  manufacturing  concern. 
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273  Factory  manager,  extensive  experience  in  management  of  large  proper- 
ties, and  design,  equipment  and  organization  of  new  plants,  wishes  to  make  a 
change. 

274  Mechanical  engineer,  technical  graduate,  i)resent  position  factory 
manager;  previous  experience  in  general  engineering  as  mechanical  engineer, 
sales  engineer  and  construction  superintendent.  Desires  position  as  factory 
manager  or  mechanical  engineer. 

275  Technical  graduate,  thoroughly  accustomed  to  handling  men  and 
working  on  own  responsibility;  now  employed.  Experienced  in  all  phases  of 
plant  engineering,  cost  reduction,  accounting,  tool  systems,  power  plant  opera- 
tions, construction  and  maintenance,  with  extensive  study  of  scientific  manage- 
ment and  accounting. 

276  Technical  graduate,  experienced  in  the  design  and  construction  of 
power  plants,  industrial  j)laiits  and  mill  buildings,  wants  position  which  will 
not  confine  him  to  drafting  board  or  office,  while  not  objecting  to  some  office 
work  or  drawing. 

277  Member  A.S.M.E.  and  A.I.E.E.,  at  present  employed  with  large  manu- 
facturing corporation,  desires  to  become  associated  with  smaller  company  or 
to  take  partnership  in  an  established  engineering  firm.  Wide  experience  in 
both  electrical  and  mechanical  engineering,  considerable  commercial  experi- 
ence. Prefers  position  in  which  desirable  investment  can  be  made  of  few  thou- 
sand dollars  and  assume  interest  in  established  and  jirofitable  manufacturing 
business.     Salary  $5000. 

278  Junior  Men  be r,  technical  graduate,  number  of  years'  experience  in 
drafting,  construction  work  and  office  work  in  connection  with  industrial 
plants  and  power  plar.ts;  wishes  to  make  a  change. 

279  Associate,  15  years'  experience  on  blast  furnaces,  steel,  rolling,  pipe 
and  tube  mills,  coke  ovens  and  chemical  apparatus,  as  dr.iftsman,  quad 
foreman  and  checker,  desires  to  locate  in  the  East,  preferably  no  ir  Phila- 
delphia. 
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CHANGES  IN  ADDRESS 

ASHLEY,  Edward  E.,  Jr.  (Junior,  1910),  Mech.  Engr.,  527  Fifth  Ave..  New 

York,  N.  Y. 
AUSTIN,  Adolph  Odell  (Junior,  1905),  York  Mfg.  Co.,  York,  Pa. 
AUSTIN,  William  S.  (1902;  1906),  Park  Wks.,  Eastman  Kodak  Co.,  Rochester, 

N.  Y. 
BARTON,  Henry  L.  (1903),  care  of  Genl.  Motors  Co.,   127  Woodward  Ave., 

Detroit,  Mich. 
BERRY,  Edgar  H.  (1905;  1907),  present  address  unknown. 
BOUTON,  Geo.  Innes  (1901;  1904),  Engr.  East.  Dist.,  Heine  Safety  Boiler  Co., 

11  Broadway,  and /or  >nail,  137  W.  82d  St.,  New  York,  N.  Y. 
BROOKS,  Louis  C.  (Junior,  1901),  Elec.  Engr.,  Industrial  Control  Dept.,  Genl. 

Elec.  Co.,  and /or  mail,  R.  F.  D.  No.  1,  Schenectady,  N.  Y. 
BURTON,  J.  Harry  (Junior,  1906),  present  address  unknown. 
CAMPBELL,  Andrew  C.  (1885;  1889),  Cons.  Engr.,  65  Bank  St.,  and /or  mail. 

186  Hillside  Ave.,  Waterbury,  Conn. 
CURTIS,  Edma  H.,  Jr.  (Junior,  1901),  Mech.  Engr.,  1981  Cleneay  Ave.,  Nor- 
wood, O. 
EKSTRAND,  Charles  (1898;  1903),  Supt.,  Lowell  M.  Palmer's  Plants,  York, 

Pa.,  and /or   mail,  The  Park,  Boonton,  N.  J. 
ELY,  Theo.  N.  (1880),  Manager,  1880-1882;  Vice-President,  1882;  Ch.  of  M.  P., 

Pa.  R.  R.,  System  E.  and  W.  of  Pittsburgh,  Broad  St.  Sta.,  Philadelphia, 

and  for  mail,  Bryn  Mawr,  Pa. 
FINCH,  Ellis  Jerome  (Junior,  1911),  260  W.  136th  St.,  New  York,  N.  Y. 
FRANKENBERG,  George  T.  (Associate,  1907),  Supt.,  The  Columbus  Brass 

Co.,  and  86  Latta  Ave.,  Columbus,  O. 
GAMPER,  Herman  (1900),  Genl.  Mgr.,  Erie  Co.,  Erie,  Pa. 
HAAS,  Lucian  L.  (Ju,nior,  1910),  Ch.  Tool  Designer,  Alden  Sampson  Mfg.  Co., 

Div.  of  the  U.  S.  Motor  Co.,  and/or  7nail,  989  Oakland  Ave.,  Detroit,  Mich. 
HALL,  Robert  E.  (1898;  1905),  V.  P.  and  Treas.,  The  Goulds  Mfg.  Co.  of  N.E., 

58  Pearl  St.,  Boston,  Mass. 
HALL,  Walter  Atwood  (1911),  Asst.  to  Mgr.,  Lynn  Wks.,  Genl.  Elec.  Co.,  West 

Lynn,  and /or  mail,  15  Hardy  Rd.,  Swampscott,  Mass. 
HANSEN,  T.  H.  C.  (1905),  Wire  Spec.  &  Mch.  Wks.,  1108  High  St.,  and  865  S. 

Clinton  St.,  South  Bend,  Ind. 
HOBERT,  Stephen  G.   (1897;  1906),  Cons.  Engr.,    179    W.  Washington    St., 

Chic  igo,   and  Clarenden  Hills,   111. 
HUBBARD,  Carleton  Waterbury  (Junior,  1911),  Sayles  Bleacheries,  and  for 

mill,  180  Chapel  St.,  Saylesville,  R.  I. 
HURLEY,  Daniel  (Junior,  1904),  42  E.  Manning  St.,  Providence,  R,  I. 
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IRELAND,   Mark  L.    (Junior,  1902),   First   Lieut.,    Coast  Artillery   Corps. 

U.  S.  A.,  Fort  Monroe,  Va. 
KEABLES,  Austin  Dow  (Junior,  1910),  The  Charles,  West  Point,  Ga. 
KEELY,  Royal  R.  (1901;  1907),  1704  Mt.  Vernon  St.,  Philadelphia,  Pa. 
KINKEAD,  James  A.  (Associate,  1903),  Res.  Sales  Mgr.,  Parkesburg  Iron 

Co.,  30  Church  St.,  New  York,  N.  Y.,  and  Stelton,  N.  J. 
KNEIP,  Walter  F.  (Junior,  1904),  Engrg.  Dept.,  H.  H.  Franklin  Mfg.  Co.,  and 

for  mail,  932  Bellevue  Ave.,  Syracuse,  N.  Y. 
LAIRD,  Wilbur  G.  (Associate,  1906),  Asst.  Mgr.,  Candelaria  Min.  Co.,  Minas 

de  San  Pedro,  Chihuahua,  Mex.,  and /or  mail,  2300  18th  St.,  Washington, 

D.  C. 
LARKIN,  Everett  P.  (Junior,  1906),  U.  S.  Metal  Products  Co.,  College  Point, 

N.  Y. 
LEWIS,  David  J.,  Jr.  (1892),  Sales  Mgr.,  Lytton  Mfg.  Corp.,  1159  Hudson 

Terminal  Bldg.,  50  Church  St.,  New  York,  N.  Y.,  and /or  mail,  88  Riggs 

PL,  South  Orange,  N.  J. 
LOEB,  Leo  (Junior,  1911),  Steam  Engrg.  Dept.,  Cambria  Steel  Co.,  Johnstown, 

Pa. 
McCLATCHEY,  A.  F.  (1889),  132  N.  4th  St.,  Aurora,  111. 
MAXFIELD,  Howard  H.  (1904),  M.  M.,  Pa.  R.  R.  Co.,  28th  St.,  Pittsburgh, 

Pa. 
MEYER,  C.  Louis  (Junior,  1909),  Trussed  Concrete  Steel  Co.,  Detroit,  Mich. 
MORRIS,  Henry  G.  (1882),  Vice-President,  1887-1889;  Commonwealth  Bldg., 

12th  and  Chestnut  Sts.,  Philadelphia,  Pa. 
MOUNT,  Carroll  Hays  (Junior,  1910),  195  W.  Uth  Ave.,  Columbus,  O. 
MYERS,  David  Moffat  (Associate,  1907),  Cons.  Engr.,  17  Batterv  PI.,  and  157 

W.  79th  St.,  New  York,  N.  Y. 
ODE,  Randolph  Theodore  (1901;  1908),  Secy.,  Providence  Engrg.  Wks.,  and /or 

mail,  Box  1266,  Providence,  R.  I. 
OLMSTED,  George  C.  (Junior,  1909),  care  of  Brunt  Mine,  Virginia,  Minn. 
ORD,  Henry  C.  fl905),  Dominion  Bridge  Co.,  Ltd.,  Montreal,  Que.,  Canada. 
POLLAK,  Charles  P.  (Associate,  1901),  East.  Sales  Agt.,  Wickes  Boiler  Co., 

and /or  mail,  Engineers  Club,  32  W.  40th  St.,  New  York,  N .  Y. 
REILLY,  William  J.  (1901),  Mgr.,  Denver  Office,  Babcock  &  Wilcox  Co.,  435 

17th  i?t.,  Denver,  Colo. 
ROYS,  Lawrence  (Junior,  1907).  The  Bucyrus  Co.,  and  P.  0.  Box  793,  South 

Milwaukee;  also  861  First  Ave.,  MilwauKce,  Wis. 
SCOLLAN,  John  Joseph  (1910),  74  Roncesvalles  Ave.,  Toronto,  Ont.,  Canada. 
SIBSON.  Horace  E.  (Junior,  1904),  Mech.  Engr.,  Harrison  Safety  Boiler  Wks., 

17th  St.  and  Allegheny  Ave.,  Philadelphia,  and  for  mail,  P.  O.  Box  159, 

Cynwyd,  Pa. 
SLEE,  Norman  S.  (Junior,'1909),  Babcock  &  Wilcox  Co.,  85  Liberty  St.,  New 

York,  N.  Y.   and /or  mail,  18G  North  Ave.,  E.,  Crantord,  N.  J. 
STIJfLING,    Allan    (188.)),    Manager,    1881-1884;   Vice-President,    1885-1887; 

Life  Member;  Pres.,  Drexel  Bllg.,  Philadelphia,  and  Pleasant  Mt.,  Wayne 

Co.,  Pa. 
SWAETWOUT,  Everett  W.  (Junior,  1910),  Mgr.,   Chicago   Office,  Nordberg 

Mfg.  Co.,  704  Schiller  Bldg.,  Chicago,  111. 
THOMAS,  Edward  G.  (1890;  1907),  Mech.  Engr.,  The  Boss  Mfg.  Co.,  Kewanee, 

111. 
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THOMPSON,  0.  C.  (Associate,  1910),  Mech.  Engr.,  Healy  Box  Corp.,  105  W. 
40th  St.,  and /or  mail,  346  W.  57th  St.,  New  York,  N.  Y. 

TRUETTE,  Arthur  Pierce  (Junior,  1911),  Goodyear  Tire  &  Rubber  Co.,  Akron 
O. 

WEAR,  Burt  C.  (Junior,  1905),  Engr.,  Steel  Roof  Truss  Co.,  1647  Pierce  Bldg., 
St.  Louis,  Mo. 

WEHNER,  Louis  (1901;  1907),  Ch.  Engr.,  The  Vulcan  Steam  Shovel  Co.,  916 
Summit  St.,  Toledo,  O. 

YARNALL,  D.  Robert  (Junior,  1903),  Mech.  Engr.,  1109  Locust  St.,  Philadel- 
phia, Pa. 

YAWGER,  Edwin  (Associate,  1899),  Sales  Mgr.  Denver  Dist.,  The  Westing- 
house  Mch.  Co.,  1062  Gas  &  Elec.  Bldg.,  Denver,  Colo. 

NEW   MEMBERS 

DOWNES,  Nate  Worswic  (Junior,  1911),  Ch   Draftsman,  J.  H.  Brady,    Cons. 

Engr.  and  Ch.  Engr.,  Kansas  City  Sch.  Dist.,  and /or  mail,  3126  Olive  St., 

Kansas  City,  Mo. 
DREW,  Wilbert  Shepard  (1911),  Dir.  Sch.  Mech.  Arts,  Prof.  Agri.  Mech.,  Agri. 

College  of  Utah,  Logan,  Utah. 
GARRAHAN,  F.  B.  (Junior,  1911),  29  W.  39th  St.,  New  York.  N.  Y. 
GARTLEY,  Alonzo  (1911),  Cons.  Engr.,  C.  Brewer  &  Co.,  Ltd.,  Honolulu, 

Hawaii. 
GATES,  John    George   (Junior,    1911),    Draftsman    and    Designer,    Russell, 

Burdsall  &  Ward  Bolt  and  Nut  Co.,  and  for  mail,  29  Summer  St.,  Port 

Chester,  N.  Y. 
GRAHAM,  William  Harvey  (1911),  care  of  N.  S.  Steel  &  Coal  Co.,  Sydney 

Mines,  Cape  Breton,  N.  S. 
HALL,  Carl  Albe  (Junior,  1911),  Mech.  Engr.,  Dir.,  Parker  &  Young  Co., 

Lisbon,  and /or  mail,  Concord,  N.  H. 
HIDER,  George  Turner  (Junior,  1911),  Gorgona,  Canal  Zone,  Panama. 
JOHNSON,  John  S.  A.  (1911),  Prof.  Exper.  Engrg.,  Va.  Poly.  Inst.,  Blacks- 
burg,  Va. 
JOHNSON,  Raymond  D.  (1911),  Hyd.  Engr.,  Ontario  Power  Co.,  and  P.  O. 

Box  3,  Niagara  Falls,  N.  Y. 
KENDRICK,  J.  W.  (1911),  V.  P.,  Atchison,  Topeka  &  Santa  F6  Ry.,  1023 

Ry.  Exch.,  Chicago,  111.  and  for  mail,  care  of  Outing  Magazine,  315  Fifth 

Ave.,  New  York,  N.  Y. 
MAGRATH,  Charles  Bolton  (Junior,  1911),  Mech.  Engr.,  Diamond  Coal  Co., 

Alta,  and /or  mail,  369  Daly  Ave.,  Ottawa,  Canada. 
SANKEY,  H.  Riall  (1911),  Dir.  and  Cons.  Engr.,  Marconi  Wireless  Telegraph 

Co.,  Ltd.,  and /or  mail,  7  Charlbury  Grove,  Ealing  W.,  England. 


FERGUSSON,  Henry  A. 


COMING  MEETINGS 

September-October 

Advance  notices  of  annual  and  semi-annual  meetings  of  engineering  societies  are  regularly 
published  under  this  heading  and  secretaries  or  members  of  societies  whose  meetings  are  of 
Interest  to  engineers  are  Invited  to  send  such  notices  for  publication.  They  should  be  In  the 
editor's  hands  by  the  15th  of  the  month  preceding  the  meeting.  When  the  titles  of  papers  read 
at  monthly  meetings  are  furnished  they  will  also  be  published. 

AMERICAN  ASSOCIATION  OF  GENERAL  PASSENGER  AND  TICKET 

AGENTS 

September  19,  annual  meeting,  St.  Paul,  Minn.     Secy.,  C.  M.  Burt,  Bo.ston, 

Mass. 
AMERICAN   ELECTRIC    RAILWAY   ASSOCIATION 

October  9-13,  annual  convention,  Atlantic  City,  N.  J.     Secy.,  H.  C.  Don- 

ecker,  29  W.  39th  St.,  New  York. 
AMERICAN    ELECTROCHEMICAL    SOCIETY 

September  21-23,  annual  meeting,  Toronto,  Ont.     Secy.,  Jos.  VV.  Richards, 

Lehigh  University,  South  Bethlehem,  Pa. 
AMERICAN   INSTITUTE   OF  MINING  ENGINEERS 

October  10,  annual  convention,  San  Francisco,  Cal.,  followed  by  trip  to 

Japan.     Secy.,  Joseph  Struthers,  29  W.  39th  St.,  New  York. 
AMERICAN   MINING    CONGRESS 

September  26-29,  annual  session,  Chicago,  111.     Secy.,  J.  F.    Callbreath, 

Denver,  Colo. 
THE   AMERICAN   SOCIETY   OF   MECHANICAL   ENGINEERS 

Monthly  Meetings:     New  York,  October  10;  New  Haven,  November  15. 

Secy.,  Calvin  W.  Rice,  29  W.  39th  St.,  New  York. 
AMERICAN   SOCIETY   OF  MUNICIPAL   IMPROVEMENTS 

September  26-29,  annual  convention.  Grand  Rapids,  Mich.     Secy.,  A.   P. 

Folwell,  239  W.  39th  St.,  New  York. 
ASSOCIATION    OF   EDISON    ILLUMINATING   COMPANIES 

September  19-21,   annual  convention,   Spring  Lake,  N.  J.     Secy.,  N.    Y. 

Wilcox,  Lowell,  Mass. 
COLORADO  ELECTRIC  LIGHT,  POWER  AND  RAILWAY  ASSOCIATION 

September  13-15,   annual  convention,   Glenwood  Springs,   Colo.     Secy., 

F.  D.  Morris,  323  Hagerman  Bldg.,  Colorado  Springs. 
ILLUMINATING   ENGINEERING   SOCIETY 

September  25-27,    annual    convention,    Chicago,    111.     Secy.,    Preston  S. 

Millar,  29  W.  39th  St.,  New  York. 
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INTERNATIONAL   ASSOCIATION    OF    MUNICIPAL    ELECTRICIANS 

Soptember  12-15,  annual  meeting,  St.  Paul,  ]\Iinn.     Secy.,  C.  R.   George, 

Houston,  Tex. 
INTERNATIONAL   CONGRESS   OF   THE   APPLICATIONS   OF    ELEC- 
TRICITY 

September  9-20,  Turin,  Italy.     President  of  the  Organizing    Committee, 

L.  Lombardi,  10,  Via  San  Paolo,  Milan. 
IRON    AND    STEEL    INSTITUTE 

October  2-16,   autumn  meeting,   Turin,    Italy.     Secy.,   G.   C.   Lloyd,  28 

Victoria  St.,  London,  S.  W.,  England. 
.MASTER   CAR   AND    LOCOMOTIVE   PAINTERS'    ASSOCIATION 

September  12-15,  annual  convention,  Atlantic  City,  N.  J.     Secy.,  A.  P. 

Dane,  B.  &  M.  R.  R.,  Reading,  Mass. 
NATIONAL   ASSOCIATION    OF    COTTON    MANUFACTURERS 

September  27-30,  semi-annual  meeting,  Hotel  Equinox,  Manchester,  Vt. 

Secy.,  C.  J.  H.  Woodbury,  Box  3672,  Boston,  Mass. 
NATIONAL    ASSOCIATION    OF    RAILWAY    COMMISSIONERS 

October  10,  annual  convention,  Washington,  D.  C.     Secy.,  Wm.  H.  Con- 
nolly. 
NATIONAL   BUILDING   MATERIAL   EXHIBITION 

September  9-16,  Trade  Show,  Madison  Square  Garden,  New  York.     Mgr., 

P.  J.  Powers,  508  Flatiron  Bldg. 
NATIONAL    CONSERVATION    CONGRESS 

September  25-27,  Kansas  City,  Mo.     Secy.,  Thomas  R.  Shipp,  Washington, 

D.  C. 
NEW    ENGLAND    WATER    WORKS    ASSOCIATION 

September  13-15,  annual  convention,  Gloucester,  Mass.     Secy.,  Willard 

Kent,  Narragansett  Pier,  R.  I. 
RAILWAY    SIGNAL    ASSOCIATION 

October  10,  annual  convention,  Colorado  Springs,  Colo.     Secy.,  C.  C. 

Rosenberg,  Bethlehem,  Pa. 
ROADMASTERS    AND   MAINTENANCE    OF   WAY   ASSOCIATION 

September  12-15,  annual  meeting,  St.  Louis,  Mo.     Secy.,  W.  S.    Emery, 

P.  &  P.  U.  Ry.,  Peoria,  111. 
TRAVELING   ENGINEERS'    ASSOCIATION 

August  29-September  2,  annual  convention,  Hotel  Sherman,  Chicago,   111. 

Secy.,  W.  O.  Thomp.son,  care  of  N.  Y.  C.  Car  Shops,  East  Buffalo,  N.  Y. 
VERMONT   ELECTRICAL   ASSOCIATION 

September  13-14,  annual  meeting,  Lake  Dunmore,  Vt.     Secy.,  A.  B.  Mars- 
den,  Manchester. 

MEETINGS  IN  THE  ENGINEERING  SOCIETIES  BUILDING 

Date  Society  Secretary  Time 

September 

1-2  Institute  of  Operating  Engineers H.  Collins All  day 

7     Blue  Room  Engineering  Society W.  D.  Sprague 8  p.m. 

U     Illuminating  Engineering  Society P.    S.  Millar 8  p.m. 

15    New  York  Railroad  Club H.   D.  Vought 8  p.m. 

2)     ^Municipal  Engineers  of  New  York C.    D,  Pollock 8  p.m. 
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Date  Society 

October 

5    Blue  Room  Engineering  Society W. 

10    American  Society  of  Mechanical  Engineers  .  .C. 

12  Illuminating  Engineering  Society P. 

13  American  Institute  of  Electrical  Engineers.  .  .R. 

17     New  York  Telephone  Society T. 

20    New  York  Railroad  Club H. 

25    Municipal  Engineers  of  New  York C. 


Secretary 


Time 


D.  Sprague  . .  .8.00  p.m. 

W.  Rice 8.15  p.m. 

S.  Millar 8.00  p.m. 

W.  Pope 8.15  p.m. 

H.  Lawrence..  .8.00  p.m. 

D.  Vought 8.15p.m. 

D.  Pollock  ....8.00p.m. 


OFFICERS  AND  COUNCIL 


Terras  expire  1911 
CHARLES  WHITING  RAKER 
W.  F.  M.   GOSS 
ALEX.   C.   HUMPHREYS 


President 

E.   D.  MEIER 

Vice-Presidents 


Terms  expire  1912 
GEORGE  M.  BRILL 
E.   M.   HERR 
H.  H.  VAUGHAN 


Terms  expire  1911 
H.  L.  GANTT 
[.    E.   MOULTROP 
W.   J.   SANDO 


FRED.   W.  TAYLOR 
F.    R.   HUTTON 


Managers 

Terms  expire  1912 
H.    G.   STOTT 
JAMES   HARTNESS 
H.    G.   REIST 

Past-Presidents 

Members  of  the  Council  for  1911 


GEORGE  WESTINGHOUSE 


Terms  expire  1013 
D.  F.  CRAWFORD 
STANLEY   G.   FLAGG.  JR. 
E.   B.    KATTE 


M.   L.    HOLMAN 
JESSE   M.   SMITH 


Chairman  of  the  Finance  Committee 

ROBERT  M.  DIXON 

Treasurer 

WILLIAM    H.  WILEY 


Honorary  Secretary 

F.  R.  HUTTON 

Secretary 

CALVIN    W.    RICE 


EXECUTIVE  COMMITTEE  OF  THE  COUNCIL 


E.    D.    MEIER.    Chmn. 

C.  W.    BAKER,  Vice-Chmn. 


H.  L.  GANTT 
F.  R.  HUTTON 


H.  G.  REIST 
JESSE   M.   SMITH 


Finance 

R.  M.  DIXON   (2),  Ch?nn. 
G.  J.  ROBERTS    (1) 
W.  H.  MARSHALL  (3) 
H.  L.  DOHERTY  (4) 
W.  L.  SAUNDERS  (5) 

House 

F.  BLOSSOM  (2).  Chmn. 
B.  V.  SWENSON    (1) 
E.  VAN  WINKLE  (3) 
H.  R.  COBLETGH  (4) 
S.  D.  COLLETT  (5) 


STANDING  COMMITTEES 
Membership 


Research 


F.  H.  STILLMAN  (1),  Chmn. 

G.  J.  FORAN  (2) 
H.  WEBSTER  (3) 
T.  STEBBINS  (4) 
W.  H.  BOEHM  (5) 


Publication 

H.  F.  J.  PORTER  (1), 

F.  R.  LOW  (2) 

G.  1.  ROCKWOOD  (3) 
G.  M.  BASFORD  (4) 
C.  1.  EARLL  (5) 


Library 


W.  F.  M.  GOSS  (3),  Chmn. 

R.  H.  RICE  (1) 

R.  D.  MERSHON  (2) 

J.  CHRISTIE  (4) 

R.  C.  CARPENTER  (5) 

Meetings 

Chmn.    L.  R.  POMEROY  (1),  Chmn, 
C.  E.  LUCKE  (2) 
H.  Db  B.  PARSONS  (3) 
W.  E.  HALL  (4) 
C.  J.  H.  WOODBURY  (5) 

Public  Relations 


L.  WALDO  (1),  Chmn. 
W.  M.  McFARLAND  (2) 
C.  L.  CLARKE  (3) 
A.  NOBLE  (4) 
E.  G.  SPILSBURY  (5) 


J.  M.  DODGE  (5),  Chmn. 
R.  W.  HUNT  (1) 
D.  C.  JACKSON  (2) 
J.  W.  LIEB.  JR.  (3) 
F.  J.  MILLER  f4) 


Note— \umbers  In  parentheses  Indicate  number  of  years  the  member  has  yet  to  serve. 
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SOCIETY  REPRESENTATIVES 


John  Fritz  Medal 
P.    R.    HUTTON    (1) 
VV.  F.  M.  GOSS  (2) 
H.    R.   TOWNE    (3) 
J.    A.   BASHEAR    (i) 


Trustees  U.  E.  S. 
F.   J.   MILLER    (I) 
JESSE   M.    SMITH    (2) 
A.    C.    HUMPHREYS    (3) 


A.  A.  A.  S. 

A.   C.    HUMPHREYS 
H.  G.  REIST 

/.  A.  for  T.  M. 

CHARLES  KIRCHHOFK 


Fire  Protection 
3.    R.   FREEMAN 
I.    H.   WOOLSON 


Conservation  Commission     Engineering  Education 

G.   F.    SWAIN  A.   C.    HUMPHREYS 

C.   T.    MAIN  F.   W.   TAYLOR 
J.   R.  FREEMAN 


Refrigeration 
U.   S.   JACOBUS 
A.   P.   TRAUTWEIN 
G.   T.   VOORHEES 
P.   DE   C.    BALL 
E.   F.  MILLER 

Power  Tests 

D.  S.   JACOBUS.   Chmn. 

E.  T.   ADAMS 
G.    H.   BARRUS 

L.    P.   BRECKENRIDGE 

W.    KENT 

C.   E.   LUCRE 

E.  F.    MILLER 
A.   WEST 

A.  C.  WOOD 

Conservation 
G.  F.    SWAIN.   Chmn. 
C.    W.    BAKER 
L.    D.   BURLINGAME 
M.    L.   HOLM  AN 
C.    W.    RICE 

Student  Branches 

F.  R.  HUTTON.  Chmn. 


SPECIAL  COMMITTEES 

Flanges 
H.    G.    STOTT.  Chmn 
A.  C.  ASHTON 
W.   SCHWANHAUSSER 
J.   P.   SPARROW 

Constitution  andBy-Laivs 
JESSE   M.    SMITH,  Chmn. 
G.   M.   BASFORD 
F.   R.    HUTTON 

D.  S.   JACOBUS 
H.  G.  STOTT 

Power  House  Piping 
H.    G.    STOTT,    Chmn. 
I.   E.   MOULTROP 
H.   P.    NORTON 
J.   T.   WHITTLESEY 

F.  R.    HUTTON 

Involute  Gears 

W.    LEWIS,    Chmn. 
H.   BILGRIM 

E.  R.   FELLOWS 
C.    R.    GABRIEL 

G.  LANZA 


Pipe  Threads 

E.  M.    HERR.  Chmn. 
W.    J.    BALDWIN 
G.    M.   BOND 
S.    G.   FLAGG,   JR. 

Society  History 
J.  E.   SWEET 
H.    H.    SUPLEE 

F.  R.  HUTTON 
Tellers  of  Election 

W.    T.    DONNELLY 
T.    STEBBINS 

G.  A.   ORROK 
Nominating 

R.    C.   CARPENTER 

New    York,    Chmn. 
R.    H.    FERNALD 

Cleveland,    O. 
E.    G.   SPILSBURY 

New    York 
A.    M.   HUNT 

San   Francisco,    Cal. 
C.   J.   H.    WOODBURY 

Boston,   Mass. 


Standardization  of  Catalogues 
WM.  KENT,  Chmn.  W.  B.  SNOW 

M.   L.  COOKE  J.  R.  BIBBINS 

Engineering  Standards 
HENRY  HESS,  Chmn.  CHAS.  DAY 

H.  W.  SPANGLER  J.  H.  BARR 


OFFICERS  OF  APTILIATED  SOCIETY 

Providence  Association  of  Mechanical  Engineers 

E.  C.  BLISS,  President  M.  C.  HAPPOLDT,   Vice-Pres. 

T,  M.  PHETTEPLACE,  Secy.  A.  H.  WHATLEY,  Treas. 

Note — Numbers  la  parentheses  Indicate  number  of  years  the  member  Ims  yet  to  serve. 
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OFFICERS  OF  THE  GAS  POWER  SECTION 


Chairman 

R.    H.    FERNALD 


Secretary 

GEO.   A.   ORROK 


Oas  Power 
Executive  Committee 

F.  H.  STILLMAN  (5).  Chmn. 

G.  I.    ROCKWOOD    (1) 
C.  J.    DAVIDSON    (1) 

E.  D.  DREYFUS    (1) 

F.  R.  HUTTON    (2^ 
H.  H.  SUPLEE    (3) 
F.   R.  LOW    (4) 

Gas  Power 
Committee  on  Meetings 

WM.  T.  MAGRUDER,  Chmn. 

W.    H.    BLAUVELT 

E.    D.    DREYFUS 

A.    H.    GOLDINGHAM 

NISBET   LATTA 

H.    B.    MACFARLAND 


Gas  Power 
Literature  Committee 

R.  B.  BLOEMEKE,  Chmn. 

U.  S.    ISHAM 

W.  F.  MONAGHAN 

A.  W    H.  GRIEPE 

W.  S.    MORRISON 

H.  G.  WOLFE 

N.  J.    YOUNG 

S.    O.   SANDELL 

S.     I.    OESTERREICHER 

J.     MAIBAUM 

Gas  Power 
Installations  Committee 

L.    B.    LENT,  Chmn. 

A.    BEMENT 

C.    B.    REARIGK 


Gas  Power  Plant 
Operations  Committee 

I.    E.    MOULTROP.  C/im,i. 

J.    D.    ANDREW 

C.  J.    DAVIDSON 

C.  N.    DUFFY 

H.  J.  K.  FREYN 

W.  S.  TWINING 

C.   W.   WHITING 

Gas  Power 
Membership  Committee 

H.  R.    COBLEIGH,  Chmn. 
H.  V.   O.    GOES 
A.   E.  JOHNSON 

F.  S.    KING 

A.    F.   STILLMAN 

G.  M.   S.   TAIT 
GEORGE   W.   WHYTE 
S.   S.   WYER 


OFFICERS  OF  STUDENT  BRANCHES 


INSTITUTION 

DATE 
AUTHORIZED 
BY  COUNCIL 

HONORARY 
CHAIRMAN 

PRESIDBJNT 

CORRESPONDING 
SECRBTART 

SteveDS  Inst    of  Tech. 

Dec.  4,  1908 

Alex.  C.  Humphreys 

A.  E.  Bauhan 

A.  D.  Karr 

Cornell  Unlveislty 

Dec.  4.  1908 

R.  C.  Carpenter 

F.  E.  Yoakem 

D.  S.  Wegg,  Jr. 

.Armour  Inst,  of  Tech. 

Mar.  9,  1909 

G.  F.  Gebhardt 

C.  E.  Beck 

F.  H.  Griffiths 

Leland  StanfordJr.Unlv. 

Mar.  9,  1909 

C.  H.  Shattuck 

H.  H.  Blee 

C.  W.  Scholefield 

Brooklyn  Poly.  Inst. 

Mar.  9,  1909 

W.  D.  Ennis 

A.  L.  Palmer 

R.  C.  Ennls 

Purdue  University 

Mar.  9,  1909 

L.  V.  Ludy 

L.  Jones 

H.  E.  Sproull 

University  of  Kansas 

Mar.  9,  1909 

P.  F.  Walker 

W.  H. Judy 

M.  C.  Conley 

.New  York  University 

Nov .  9.  1909 

C.  E.  Houghton 

Harry  Anderson 

Andrew  Hamilton 

Univ.  of  Illinois 

Nov.  9, 1909 

W.  F.  M.  Gosa 

F.J.  Schllnk 

E.  J.  Hasselqulst 

Peana.  State  College 

Nov.  9,  1909 

J.  P.  Jackson 

J.  A.  Kinney 

H.  S.  Rodgers 

Columbia  University 

Nov.  9, 1909 

Chas.  E.  Lucke 

N.  E.  Hendrlckson 

J.  L.  Haynes 

Mass.  Inst,  of  Tech. 

Nov.  9,  1909 

Gaetano  Lanza 

J.  A.  Noyes 

R.  M.  Ferry 

Univ.  of  Cincinnati 

Nov.  9, 1909 

J.  T.  Falg 

C.  J.  Malone 

J.  H.  Schneider 

Univ.  of  Wisconsin 

Nov.  9, 1909 

H.  J.  B.  Thorkelson 

F.  B.  Sheriff 

L.  F.  Garlock 

Univ.  of  Missouri 

Dec   7,  1909 

H.  Wade  Hlbbard 

F.  T.  Kennedy 

Osmer  N.  Edgar 

Univ.  of  Nebraska 

Deo.  ?,  1909 

C.  R.  Richards 

W.  0.  Forman 

C.  A.  Bennett 

Univ.  of  Maine 

Feb.  8,  1910 

Arthur  C.  Jewett 

A.  H.  Blalsdell 

W.  B.  Emerson 

Univ.  of  Arkansas 

Apr.  12,1910 

B.  N.  Wilson 

W.  Q.  Williams 

H.  W.  Barton 

Yale  University 

Oct.  11,1910 

I;.  P.  Breckenrldge 

F.  M.  Jones 

W.  St.  C.  Chllds 

Rensselaer  Poly.  Inst. 

Dec.  9,  1910 

A.  M.  Greene,  Ji. 

G.  K.  Palsgrove 

H.  J.  Partheslus 

State  Univ.  of  Ky. 

Jan.  10.  1911 

F.  P.  Anderson 

G.  C.  Mills 

H.  L.  Moore 

Ohio  State  University 

Jan.  ID,  1911 

W.  T.  Magrudei 

H.  A.  Shulei 

H.  M.  Bone 

Washington  University 

Mar.  10.  1911 

F.  E.  Glasgow 

Lehigh  University 

June  2.  1911 

:ii;55j 


MEETINGS  OF  THE  SOCIETY 


The  Committee  on  Meetings 


L.    R.   POMEROY    (1),   Chmn. 
C.   E.    LUCRE    (2) 


H.    De  B.   parsons    (3) 
W.    E.    HALL    (4) 


L    N.    HOLLIS.    Chmn. 
I.    E.    MOULTROP.   Secy. 


C.  J.  H.  WOODBURY   (5) 

Meetings  of  the  Society  in  Boston 

R.    H.    RICE 

Meetings  of  the  Society  in  New  York 


W.    RAUTENSTRAUCH.   Chmn. 
F.   A.   WALDRON,   Secy. 


R.    V.   WRIGHT 


Meetings  of  the  Society  in  St.  Louis 


E.  L.   OHLE.   Chmn. 

F.  E.   BAUSCH,   Secy. 


J.    HUNTER 

Meetings  of  the  Society  in  San  Francisco 


A.    M.    HUNT.    Chmn. 
T.   W.    RANSOM.    Secy. 


E.   C.  JONES 


Meetings  of  the  Society  in  Philadelphia 


T.    C.   McBRlDE,   Chmn. 
D.   R.  YARNALL.  Secy. 
W.   C.  KERR 


JAMES   CHRISTIE 


Meetings  of  the  Society  in  New  Haven 


E.   F.    MILLER 
R.    E.    CURTIS 


F.   H.   COLVIN 
E.    VAN   WINKLE 


M.    L.    HOLM  AN 
R.    H.    TAIT 


T.    MORRIN 
W.    F.    DURAND 


A.   C.   JACKSON 

J.   E.    OIBSON 

J.    C.    PARKER 


E.    S.    COOLEY,    Chmn. 
E.    H.   LOCKWOOD,   Secy. 


L.    P.   BRECKENRIDGE 
F.    L.   BIGELOW 


H.   B.   SARGENT 


Sub-Committees  on 


Administration  of  Industrial  Establishments 


CHAS.    B.    GOING.   Chmn. 
C.    U.   CARPENTER 


JAMES   HARTNESS 
WORCESTER   R.    WARNER 


STEVENSON  TAYLOR 


Textiles 

CHARLES    T.    PLUNKETT,  Chmn.,  Adams,  Mass. 
DANIEL   M.   BATES.    Wilmington,  Del.  FRANKLIN    W.    HOBBS,   Boston,  Mass. 

JOHN   ECCLES,   TaftvUle,  Conn.  C.    R.   MAKEPEACE,   Providence.   R.  I. 

EDW.   W.   FRANCE.   Philadelphia.  Pa.  C.   H.   MANNING,   Manchester,  N.  H. 

EDWARD   F.    GREENE.   Boston,  Mass.  HENRY  F.  MANSFIELD,    Utlca,  N.  Y 

EDWARD   W.   THOMAS,   Lowell,   Mass. 

Note — Numbers  In  parentheses  indicate  the  number  of  years  the  member  has  yet  to  serve 
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MEETINGS  OF  THE  SOCIETY 

Continued) 


(\'J)lcnt 


W.  R.  DUNN.  Actitig  Chmn. 
J.  G.  BERQUIST 
W.  F.  COWHAM 
J.  W.  FULLER,  Jr. 
L.  L.  GRIFFITHS 

E.  M.  HAGAR 
L.  M.  HUNT 

F.  W.  KELLEY 


F.  E.  ROGERS,  Chmn. 
L.  D.  BURLINGAME 
W.  L.  CLARK 
W.  A.  DIEFENDORF 
A.  L.  DeLEEUW 
F.  L.  EBERHARDT 


Machine  Shop  Prnriice 


MORRIS  KIND 

F.  H.  LEWIS 

R.  K.  MEADE 

EJNAR  POSSELT 

H.  J.  SEAMAN 

A.  C.  TAGGE 

H.  STRUCKMANN 

P.  H.  WILSON 


F.  A.  ERRINGTON 

A.  A.  FULLER 

H.  D.  GORDON 

H.  K.  HATHAWAY 

E.  J.  KEARNEY 

Wm.  LODGE 


Standard  Rules  for  Care  and  Construction  of  Boilers 

J.  A.  STEVENS,  Chmn.  H.  C.  MEINHOLTZ 

E.  F.  MILLER  R.  0.  CARPENTER 

C.   L.  HUSTON  W.  H.  BOEHM 

RICHARD  HAMMOND 


Sub-Committee  of  Research  Committee  on  Steam 


R.  H.  RICE,  Chmn. 
J.  F.  M.  PATITZ 
C.  J.   BACON 


E.  J.  BERG 
W.  D.  ENNIS 
L.  S.  MARKS 
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WARNER  &  SWASEY  TURRET  LATHES 
represent  the  highest  development  in  turret 
n\3.chinGvy~modern  machines  for  modern  require- 
ments. For  thirty  years  we  have  been  specializing 
in  the  manufacture  of  this  class  of  machine  tools. 


Our  complete  line  of  Turret  Lathes- — lided  briefly  in  the  Condensed 
Catalog  Section  of  this  issue  of  the  Journal — offer  many  advantages  in 
rapid  an  I  economic xl  production.  We  plan  eq  lipme.its  and  furnish  esti- 
mates of  output.  Oar  exteisive  experience  miy  enable  us  to  make  some 
helpful  suggestions  regarding  your  requirements. 


THE  WARNER  &  SWASEY  COMPANY 

CLEVELAND,  OHIO 

Branch  Offices:  NEW  YORK,  CHICAGO,  DETROIT 


PRECISION   MACHINE  TOOLS 


The  P&  W  Thread  Milling  Machine 
cuts  precision  screws,  worms,  lead 
screws,  spiral  gears,  hobs  and  taps, 
also  used  for  splining  and  oil-groov- 
ing shafts,  etc. 

It  h  far  superior  to  the  engine 
lathe  in  accuracy,  finish  of  work 
and  economy  of  operation. 

Built  in  3  sizes 

Wrile  for  catalog  "Thread  Milling  Machine" 


4^0 


6x14  Thread  Milling  Machine    Patented) 


Pratt  &  Whitney  Co.,  Hartford,  Conn. 


Ill    Broadway,  New  York 


25  Victoria  St.,  London,  S.  W. 


HARTNESS  FLAT  TURRET  LATHE 

WITH  CROSS  SLIDING  HEADSTOCK 

Machine  tool  designers  have  constantly  before  them  tiie  problem 
of  getting  greatest  convenience  of  manipulation  and  working  range 
combined  with  an  unflinching  control  of  the  work  and  tools. 

The  firmness  of  control  comes  first  and  should  be  as  nearly  ideal 
as  it  is  possible  to  obtain;  after  that,  any  extension  of  working 
range  is  not  objectionable — on  the  contrary,  it  is  highly  desirable, 
to  meet  the  ever-changing  conditions  of  the  work  on  which  machine 
tools  are  used. 

The  Flat  Turret  Lathe  development  has  been  kept  true  to  the 
high  ideal  of  firmness  of  control  regardless  of  alluring  advantages 
of  great  working  range  that  might  have  been  obtained  by  a  depart- 
ure from  what  was  known  to  be  the  best  scheme  of  unflinching 
control. 

For  a  dozen  years  this  machine  was  restricted  to  work  below 
two  inches  in  diameter  and,  although  occasionally  used  with  special 
tools  for  chuck  work,  its  distinctive  and  undisputed  domain  was 
under  two  inches. 

During  that  time  there  was  an  important  class  of  work  known  as 
chuck  work  which  was  either  retained  by  the  engine  lathe  or  by  a 
lathe  having  some  of  the  features  of  both  the  engine  lathe  and  the 
turret  lathe. 

These  engine-lathe-turret-lathes  either  used  a  turret  mounted  on 
an  engine  lathe  carriage  or  were  provided  with  an  auxiliary  engine 
lathe  carriage  on  which  was  mounted  a  small  revolving  tool  holder; 
the  object  being  to  get  the  advantage  of  combined  cross  and  length 
motions  and  feeds. 

All  such  schemes,  however,  sacrificed  firmness  of  control  for 
working  range  and  convenience,  and  all  resorted  to  the  use  of  a 
double  slide  tool  support  in  some  of  its  many  forms. 


Sprn,,ne,d.V.  J^J^gg     ^     LamSOIl 


Germany,  Holland,  Belgium,  Switzerland,  Austria-Hungary, 
M.  Koyemann,  Charlottenstrasse  112  Dusseldorf,  Germany. 


HARTNESS    FLAT    TURRET    LATHE 

The  inherent  weaknesses  of  the  double  slide  tool  support  as  used 
in  the  engine  lathe,  brass  lathe  and  other  machine  tools  will  be  fully 
set  forth  in  the  more  complete  story  which  follows  the  catalog  sec- 
tion of  this  book,  so  that  here  it  is  only  necessary  to  say  that 
accurate  work  is  obtained  from  such  machines  only  at  the  expense  of 
eternal  vigilance  of  the  lathe  hand;  for  such  machines  are  unreliable 
both  in  control  of  the  tool  in  operation  and  in  the  return  of  the 
tool  to  its  former  position  for  the  purpose  of  doing  duplicate   work. 

The  cross  sliding  head  marks  an  important  step  in  lathe  design 
for  it  extends  the  domain  of  the  turret  lathe  over  an  important  field 
of  work  without  restoring  to  the  use  of  the  unreliable  double  slide 
tool  carriage  or  any  other  scheme  that  would  weaken  the  firm 
control  that  has  been  the  Flat  Turret  Lathe's  leading  characteristic. 

Now,  the  second  p:int  in  the  Flat  Turret  Lathe's  characteristics 
is  that  it  required  no  special  tools;  its  tools  are  of  the  adaptable 
kind — not  special — just  standard  and  always  ready  for  any  kind  of 
work.  In  extending  the  field  of  operation  its  original  convenience 
of  adjustment  to  various  kinds  of  work  and  the  convenience  of 
manipulation  have  been  maintained. 

The  directness  of  design  as  exemplified  in  the  flat  turret  and 
cross  sliding  head  features  is  to  be  found  in  the  thousand-and-one 
other  features  of  this  machine,  any  one  of  which  will  well  repay  a 
careful  consideration. 

The  next  few  pages  are  in  catalog  form,  but  contain  a  serious 
presentation  of  the  present  form  of  a  machine  which  has  been  the 
leading  American  turret  machine  since  1891. 

Although  our  working  range  now  includes  all  work  within  the  12 
and  14-inch  swing  of  the  two  machines,  we  have  never  extended 
the  range  nor  reached  out  for  convenient  schemes  of  adjustment  at 
the  expense  of  speed  and  accuracy  of  output. 

Pages  from  the  book  of  the  Hartness  Flat  Turret  Lathe. 
Copies  of  book  cheerfully  mailed  on  request. 


Machine  Company 


Queen  Victoria  St. 
London,  E.   C. 


France  aad  Spain,  Ph.  BonvUlaln  and  E.  Ronceray,  9  and  11 
Rue  des  Envlerges,  Paris.    Italy,  Adler  &  Elsenschitz,  Milan. 


GARVIN   MACHINE 

COMPANY 

<•*          MANUFACTURERS    OF 
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137  VARIGK    STREET 

NEW  YORK  CITY 

No.    1 ;,   Universal  Mill 

ng  Machine 

Use  Code — Aneroid 

VISITORS   WELCOME 

THAT  NEW   PROCESS    NOISELESS    PINION 


New  1^ 


insures  a  smooth  quiel  drive  re- 
gardless of  load  variations,  sf»eed 
or  wear  of  tfie  gears  or  bad  lubri- 
cation. 

As  a.  ma.chine  manufac- 
turer, you  can  save  yourself 
expense  from  renewals  of  broken 
gear  teeth  and  prevent  dissatis- 
faction among  customers  by  using 
New 
Process 
Pinions 
to  stop 
noise  and 
cushion 
vibration. 


1  ai    11  »i  yuarantee  of  absolute  satisfaction.     Test  their  v.or;r, 

WANT  OUR  BOOKLET? 


NEW  PROCESS    IS  TO  ALL   OTHER    ^^    RAWHIDE   AS  STEEL  IS  TO'  IRON 


NewProcessJ^pp^IRawHideCo. 


OFFICE 6W0RKS    4^^ /::^■>V   Syracuse. n.y. 


^^Lx.'^Jft'  L  0 1 :.  I  L  f*  L  l> 
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HERE  IS  THE 

STORY  OF 


Trade 


C 


Mark 


REOISTERED 


Beware  of 
Imitations 


NICHOLS  TAP  AND 

T^EAMER  WRENCH 

Never  Loosens  its  Grip, 

as  the  Handle  does  not 

Rotate.      Years  on 

tile  Marl<et,  and 

Superior   To 

All  Others 


THAT'S  ALL! 

THE  J.  M.  CARPENTER 

TAP  &  DIE  COMPANY 

PAWTUCKET,  R.   I.,    U.  S.  A. 


(( 


The  Planers  of  Woods" 


work  well  on  all  woods 


High  Speed  Planers,  Matchers  and  Moulders 

WITH    LABOR-SAVING    DEVICES    WHICH    PROVIDE 
FOR  A  MAXIMUM  OUTPUT  AT  A  MINIMUM  EXPENSE 


S.  A.  WOODS  MACHINE  CO.,  BOSTON, U.S.A 


5 
THE  PLANER  SPECIALISTS 


CHICAGO  -  NORFOLK 
NEW  ORLEANS  -  SEATTLE 


High-Speed  Steam-Hydraulic  Forging  Presses 

double   your    production   with    one-half 
your  labor  cost  and  steam  consumption 

costlOF.repairs  reduced 

Eliminates  Heaw  Shocks  and 
Vibration 


MANUFACTURED  UNDER  DAVY  BROS.,  LTD.,  PATENTS 


SINGlEaEVERUCONTROl 

SMALL  SIZES-Single  Frame  Typi 
LARGE   SIZES— Four   Column  Type 

BUILT  FOR 'ALL    CLASSES  OF 
l-aR6IN6,  SHEARING  OR   PRESSING 

100  Tons  to  12,000  Tons  Capacity 
UNITED  ENGINEERING  &  FOUNDRY  CS^ 

2300   FARMERS'    BANK   BUILDING  PITTSBURG,   PA. 

Compressed  Air 

Papers  read  before 
The'^American  Society  of  Mechanical  Engineers 

Wo.  Pi-tc« 

584    A  Note  on  Compresseil  Air,  Frank  Richards $0.20 

804    A  Pneumatic  Despatch  Tube  System,  B.  C.  Batcheller 30 

824    New  System   of  Valves  for  Steam  Engines,    Air  Engines   and 

Compressors,  F.  W.  Gordon 20 

894    Test  of  an  Hydraulic  Air  Compressor,  W.  O.  Webber 10 

1015    Air  Motors  and  Air  Hammers,  M.  H.  Wickhorst 10 

1017    Air   Improvement  in  Valve  Motion  of  Duplex  Air  Compressor, 

S.   H.   Bunnell 10 

1131     A  High  Duty  Air  Compressor,  O.  P.  Hood 30 

1243    Tests  on  Compressed  Air  Pumping  Systems  of  Oil  Wells,    E.  M. 

Ivens 20 

$1.50 

S«t  Complete  $1.40  Members  r»te«  are  half  price 

Address  Calvin  W.  Rice,  Secret akt,  29  West  39th  St.,  New  York 


[TVS   THIS   HOLE  THAT 
MAKES  THEM    DIFFERENT 


HOLLOW  OR 

LIFE-SAVING 

SET,  SCREWS 


Eliminate  danger,  reduce  cost  and 
come. within  the  restrictions  of,,the 
law  concerning  protected  heads. 

Endorsed  by  factory  inspector* 
and   [lability  insurance  companies 


^'■ASK  FOR  SPECIAL  CIRCULAR   No.  2872 


HAMMACHER,  SCHLEMMER    &   CO. 

riHARDWAREf^TOOLSt  AND   SUPPLIES 
4.th   AVENUE   and   13th    STREET  NEW  YORK,  SINCE  1848 


J 


MANNING,    MAXWELL  &   MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 


85-87-89  LIBERTY  STREET 


NEW  YORK 


RUSSELL,  BURDSALL  &  WARD 
BOLT  and  NUT  CO. 

PORT    CHESTER.IN.  Y. 

Manufacturere  of  the  finest  grade].of 

BOLTS  and  NUTS 

For  Automobiles,  Machinery  and 
Engineering  Worii 

Branch  Works  at  Rock   Falls,    III. 


PC' 


Hyatt 
Flexible 
Roller 
Bearings 


Hyatt   Shafting    Boxes   *'save  $4.00  per 
bearing  per  year." 

"January  21,   1910. 

Your  Hyatt  Roller  Bearings  have  been  in 
constant  use  for  the  past  seven  years,  and  I 
have  found  they  have  saved  me  in  power  about 
($4.00)  four  dollars  per  bearing  per  year  over 
the  old  style. 

We  have  not  spent  a  cent  on  them  except  for 
oil,  and  that  is  about  half  of  what  we  were  using 
on  the  old  babbitt  bearings. 

Our  shafting  is  running  at  an  average  speed  of  900 

R.  P.  M.  and  we  have  found  no  wear  to  speak 

of  so  far.  I  would  advise  any  one  that  wants  to 
save  power  to  put  in  the  Hyatt   Roller  Bearings." 

Write  for  bulletin  No.  400A  and  fac-simile  of  above  letter. 


Hyatt  Rouer  Bearing  Co. 

Ne>warKv    Nbw     Je^rsE'Y 

|J  Hyatt  Shafting  Boxes  can  be  delivered  from  stock 

9  by  representative  dealers  In  principal  cities.  I 


cJu. 
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SERVICE  vs.  PRICE 

IN  AIR  COMPRESSORS 


Class  "OC"  Duplex  Corliss  Steam  Driven 
One  of  the  Twenty  Standard  Ingersoll-Rand  Compressors 

When  you  are  investigating  air  compressors  with  a  view  to  buyhig, 
which  do  you  consider  more  important — price,  or  value? 

And  when  you  have  about  decided  to  whom  your  order  will  go,  upon 
which  have  you  based  your  decision — upon  COSt,  or  upon 
service? 

Some  compressors — the  lower  priced  ones — bear  a  price  which  is  re- 
presentative of  the  mateiials  and  labor  entering  into  them. 

Other  compressors — the  ones  worth  buying — have  a  price 
which  covers  not  merely  materials  and  labor,  but  service 
as  well. 

Connpare  prices  in  these  two  cases,  and  consider 
the  difference  as  what  you  pay  for  service — for 
wearing  power — for  earning  capacity — for  last- 
ing quality. 

You  will  find  you  are  paying  a  very  low  price  for  what  is  really  the 
most  important  element  in  the  machine. 

in  Ingersoll-Rand  Air  Compressors  you  will  buy 
more  service  at  lower  cost  than  in  any  others 
on  the  market. 

AIR   HOISTS  PNEUMATIC    TOOLS  SAND   RAMMERS 

INGERSOLL-RAND  CO. 

11   Broadway  NEW  YORK 

Offices   in  All  the   Principal  Cities  of  the  World 


36'  Swing  Engine  Lathe  Driven  by  G.  E.  Motor 


A   Variable    Speed    Motor    that    Gives 
Full   Power    for    Sixty   Cutting    Speeds 


The  electric  motor  drive  on  this  lathe  gives  convenient 
and  economical  service  at  high  efficiency  for  a  maximum  period 
of  heavy  service. 

The'^highly  efficient  motor  is  capable  of  withstanding  ^509( 
overloads  intermittently,  and  has  a  wide'speed  range,  deliver- 
ing its  full^rated  power  at  60]different^cutting  speeds. )]3 

The  dust-proof  motor  bearings  have  large'^bearing  surfaces 
automatically  oiled  from  large  reservoirs  by  oil  rings. 

Controller  is  completely' enclosed  in  dust  and  dirt-proof 
case,  yet  fisj  perfectly  accessible]  for  making^connections.  It 
has  sturdy,  reliable,  long-wearing  contract  fingers  and  large 
arc  clearances  with  heavy  barriers.  The  control  handle"^  is 
always  convenient  and  within  easy  reach  of  the  workman' f 
right  hand. 

The  General  Electric  Company's"" corps  of , engineers  will 
make  a  careful  study  of  your  drive  problem,  with  a  view  of 
installing  variable'speed  motors. 


GENERAL    ELECTRIC   COMPANY 

Largest  Electrical  Manufacturer  in  the'World 
Principal  Office:     SCHENECTADY,   N.   Y. 

!  fSALE.S  OFFICES  IN  ALL  LARGE  CITIES 


ilQS2\ 
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Drive  the  cranes, 
hoists,  chargers,  roll 
tables,  transfer 
tables,  etc.,  for  han- 
dling and  transport- 
ing'material  in  your 
mill  with  motors 
that  withstand  the 
hardest  service 


25  HP  Westinghouse  MT  Mill  Motor^Driving  Furnace 
Run  for  Rail  Mill.* 


Westinghouse  Type  MT 
Direct=Current  Mill  Motors 


are  designed  and  built  [for  just  such  work.  They  canj^be 
operated  under  excessive  temporary  overloads  w^ithout  danger, 
and  withstand  the  heaviest  mechanical  shocks.      Among  their 


special    features    are:    Massive 
strength;    large,    strong   shafts; 


frames  of  great  solidity  and 
bearings  with  ample  wearing 
surface,  insuring  long  life;  ease 
of  access  for  inspection,  repairs 
and  renewals;  high-grade  insu- 
lation; low  current  density  in 
brushes;  large  commutating  sur- 
face; rigid  brush-holding  de- 
vice; unusually  heavy  starting 
effort;  back  gears  with  a  wide 
range  of  speed  ratio.  A  full 
description  of  these  and  other 
features  is  given  in  circular 
No.    1144. 


Westinghouse  Electric  &  Mfg.  Co. 


Sales  Offices  in  All  Large  Cities 


East  Pittsburg,  Pa. 


NELSON 

TRADE-MARK    REGISTERED 

Bronze  Gate  Valves 


Nut  screwed  on,  nnl  i-hffed,  can  easily    <: 
remove  wheel  to  renew  packing. 


Gland  on  Modiiiin  aiui  Extra  Heavy 
valves. 

Stem   collar  east  solidly  on  the  stei 
Collar  is  <ihnit/s  there. 

Threads.  Scientitically  and  mechan- 
ically correct,  strong,  wear  well,  easy 
t<i  operate. 

Wedge.  The  only  spreading  device 
in  the  viilve.     "/c  /'/"■<.     Simple. 

Discs.  Two.  Simple.  Compact. 
Can't  get  <mt  of  order.  Automati- 
cally rock  into  perfect  alignment 
with  the  seats,  not  only  when  the 
seats  are  new.. but  should  the  seats 
become  distorted  from  their  ori- 
ginal angle,  through  sagging  of 
the  pipe  or  otherwise,  the  discs 
vrill  still  mtihf  iiji  tif/hl  with  the 
seats. 


Stem  ha.s  bearing  at  thiefi  point-s 
keeping  the  stem  central  and  steady. 

Bonnet.  Screwed  on  outside  of 
body  on  Medium  and  Extra  Heavy 
valves,  strengthening  it  for  severe 
service.  The  outside  bonnet  is  not 
used  on  Standard  valves,  as  the  body 
is  made  so  strongly  that  it  is  not  re- 
qiiired  for  125  pounds  working  pres- 
sure. 

Di.sc  Guides.  These  guide  the  discs 
freel.v,  making  operation  easy,  n/i 
liiiiilhiij  at  (till/  }iniid,  prevent  discs 
from  scraping  on  the  seats. 

Body.  Stioiu),  because  well  propor- 
tioned, well  balanced,  curved  shape. 

Threads.  Cut  taper,  to  standard 
gauges,  for  good,  tight,  pipe  con- 
nection. 

100%'  opening,  im  n!>.il,iirtioiix. 

-^Hexagons  unusually  long  and  very 

heavy. 


Extra  Heavy,  for  300  pounds  working  pressure. 
Medium,  for  175  pounds  woricing  pressure. 
Standard,     for    125    pounds    working    pressure. 

N  ELSON  Valves  are  made  in  the  Gate,  Globe, 
Angle  and  Check  types,  in  all  sizes,  of  Iron, 
Bronze,  or  Steel,  for  all  Pressures,  for  any  Service. 


Send  your  order  direct  to  us  if  your  jobber 
hasn't  complete  stock — we  will  take  care  of  you. 


NELSON  Valve  Company 


Philadelphia 


NEW  YORK 
30  Church  St. 


CHICAGO 
17  West  KiDCle  St. 


SAN  FRANCTSCO 
22  Battery  St. 


MINNEAPOLIS 
922  Andrus  Bldg. 


BUTTE.  MONTANA 
56  E.  Broadway 


PITTSBURGH 
517  Liberty  Ave. 

MONTREAL 
12-14  University  St. 
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STEAM  r 


1_MS 


6AS 


BICKEYE  GAS  ENGINES 

Owing  to  the  governing  system  the  regulation  equals  that  of  any 
modern  steam  engine,  insuring  successful  parallel  operation. 
The  mixing  apparatus  is  a  combination  of  quantity  and  quality 
control,  the  double  ignition  system  is  simple  and  easily  adjusted, 
the  water  cooling  system  is  the  most  efficient  devised.  Built  in 
horse  powers  from  50  up.  for  Natural,  illuminating  or  producer  gas. 
Send  for  catalog 


BUCKEYE  ENGINE  COMPANY 

SALEM,  OHIO  _ 

■| . I  STEAM 


SUPREMACY 

IN  THE  REFRIGERATING  MACHINERY  FIELD 

The  latest  authoritative  publication  of  statistics  gives  82,348  tons  as  the 
gross  daily  refrigerating  capacity  of  all  the  De  La  Vergne  Ice-Making  and 
Refrigerating  Machines  in  the  United  States. 

This  is  more  than  16,000  tons,  or  almost  exactly  25  per  cent.,  in  excess  of  the 
next  largest  gross  capacity  listed. 

These  figures  are  conclusive  proof  of  De  La  Vergne  supremacy  in  this  field. 

This  supremacy  is  the  natural  result  of  De  La  Vergne  quality;  for  "quality," 
as  we  use  the  term,  stands  for  a  fair  first  cost,  low  operating  and  mainte- 
nance cost,  large  capacity  and  continued  satisfaction  to  the  user. 

When  you  buy  De  La  Vergne  Machines,  you  are  following  the  precedent  estab- 
lished by  the  vast  majority  of  discriminating  buyers  who  know  by  experi- 
ence where  to  get  the  best  value  per  dollar  expended. 


GAS  ENGINES 


OIL  ENGINES 


1123 

East  138th 

Street 


DE  LA  VERGNE 

MACHINE  COMPANY 


NEW  YORK 

CITY, 
NEW  YORK 


Nash  Gas  Engines 

Operating  on  Producer 
Gas  furnish  the  most  Eco- 
nomical power  obtainable. 

Preferred  forall  reliable 
power  requirements.  Ex- 
ceedingly close  regulation 
combined  withgreatecon- 
omy. 

Operate  on  Gas,  Gaso- 
line, Producer  Gas,  etc. 
Sizes  6  to  425  H.P. 

Send  for  Catalogue 
Makers  of  the  'world  famous  Water  Meters  Croixin,   Empire,.  Nash,   Gem,  Premier 

NATIONAL    METER    COMPANY 

^fgjt^      84  CHAMBERS  STREET,    NEW  YORK  '•i»c.^Kdi„. 

Chicago       Boston       Pittsburg      San  Francisco      Cincinnati       Los  Angeles 


IMMUNE  TO  the   evils  of    EXPANSION 


^ 


^\uy 


HAS 


PROVED 


% 


ITS 


SUPERIOR  COMPARATIVE  MERITS 


FOR 


C^        BOILER  BLOW-OFF.  ETC. 

BECAUSE   IT 

meets    requirements    perfectly 
without    repairs    or    complaint 

SPECIFIED  AND  USED  BY  ii'o'oi'R'N%%%%Ts 

JOHN  SIMMONS  CO..  no  centre  St..  New  York.  N.  T. 
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ECONOMY  IS  WEALTH 

STEAM  means  coal;  coal  costs  money;  if  you  would 
save  both  and  secure  the  maximum  of  power  at  a 
minimum  cost,  purchase  and  install  one  of  our  latest 
High  Speed  Corliss  engines  equipped  with  the  "Franklin" 
(patent)  Horizontal  Gravity  Latch-releasing  valve  gear. 
Highest  attainable  economy  and  close  regulation  guaran- 
teed. Rotative  speed  150  to  200  revolutions  per  minute. 
Direct  connected  or  belted  types,  either  simple  or  com- 
pound. 

Send  for  descriptive  catalogue 

HEWES  &  PHILLIPS  IRON  WORKS 

NEWARK,  N.  J. 


RIDGWAY    ENGINES 

Are  distinguished  by  their  high  mechanical  efficiency, 
low  steam  consumption,  and  excellent  design. 

Single  and  Four-Valve  Types.     Simple,  JTandem,  and 
Cross  Compound  Engines 

RIDGWAY  DYNAMO  AND  ENGINE  CO. 

RIDGWAY,  PA. 
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Massachusetts    Standard   Quality 

BOILERS 

Return  Tubular  Internally  Fiied  Upright  ard[  V\  ater  Tube 

PLATE  WORK  OF  EVERY  DESCRIPTION 

ROBB  ENGINEERING  CO.  Ltd. 

Waverly  St.,  South   Framingham,   Mass. 


THE  A.  &  F.  BROWN  CO. 

ENGINEERS,     FOUNDERS,     MACHINISTS 
AND     MILLWRIGHTS 

POWER     TRANSMISSION 
MACHINERY 

DESIGNED,    FURNISHED   AND    ERECTED 

SPECIAL  JMACHINERY    . 

Friction  Clutch  Pulleys  IRON''   CASTINGS  Gears  of  all  kinds 

fand  Couplings';  ■^      and  sizes 

WORKS:    ELIZABETHPORT                  SALES    ROOM;   172    FULTON   ST,. 
NEW  JERSEY NEW  YORK  CITY 

AUis- Chalmers  Gas  Engines 

are  so  proportioned  as  to  obtain  the 

Maximum  of  Strength  ^  Rigidity  in  All  Parts 

Thus  assuring  a  continuous  satisfactory 
operation  under  alt  conditions  of  service 

Allis  —  CKaliwers    Cottvpatvy 

General  Offices     -     Milwaukee,  Wis. 


Standard    Bearings 

^RB>  solve  <I^rb: 

bearing  f  p  r  o  b  1  e  m  s 

Standard  Roller   Bearing'  Company 
Philadelphia 


Just  a  few  Minutes 

spent  in  reg'rinding  tHese  va.lves 
xnaKes     tHem     as     good     as     t\ew. 

LunKenKeimer 

R.e grinding  Valves 

require  no  extra  parts  when  the  seating  faces  are 
worn.  They  can  be  reground  quite  a  number  of  times 
with  very  little  trouble  and  without  necessitating 
their  removal  from  the  connecting  pipe.  The  valves 
can  be  packed  under  pressure  when  wide  open  and  the 
areas  throughout  the  bodies  are  largely  in  excess  of 
the  nominal  diameter  of  the  connecting  pipe,  the 
bronze  used  contains  a  high  percentage  of  copper  and 
tin  and  the  workmanship  is  of  the  highest  grade. 
Lunkenheimer  Regrinding  Valves  are  made  in  two 
weights,  medium  and  extra  heavy  patterns  and  are 
guaranteed  for  working  pressures  up  to  200  and  300 
pounds  respectively. 

'MOST  supply  houses  sell  them,  yours  CAN— if  they  DONT  or  WONT  —  tell  US." 
Write  for  Catalogue. 

The    LrV&nKenlieiiner    Company 

Largest  Manufacturers  of  High  Grade  Engineering  Specialties  in  the  World. 
General  Offices  and  Works,  CINCINNATI,    OHIO,   U.  S.  A. 


NEW  YORK, 

64-68  Fulton  St. 


CHICAGO, 
186  North  Dearborn  St. 

NEW  ORLEANS,     Tubne  Newcomb  Bldg. 


LONDON,  S.  E. 
35  Great  Dover  St. 


BOSTON 
138  High  St. 


BALL  CORLISS  ENGINE 

With  Non-Detaching  Valve  Gear 

It  was  the  drop  cut-oS  gear  which  made  the  Corliss  Engine  successful  and  economical  for  slow  speeds. 

The  feature  which  distinguishes  our  High  and  Medium  Speed  Engines  and  makes  them  superior  to 
all  other  four-valve  engines  is  our  patented  non-detaching  valve  gear. 

This  gear  by  positive  action  gives  the  valvej  the  same  movement  that  the  drop  cut-o_ff  of  the  slow 
tpeed  Corliss  produces  by  picking  up  and  dropping  them. 

The  valve  gear  opens  and  closes  the  valves  at  the  proper  time,  and  holds  the  valves  absolutely  still 
during  over  half  a  revolution. 

The  valves  are  given  the  movement  necessary  for  the  greatest  durability  and  tightness,  and  the  best 
form  of  valve  is  made  possible. 

This  engine  marks  the  e.xtreme  limit  of  excellence  so  far  reached  in  economy  and  quiet  runnmg. 

BALL  ENGINE  CO.,  Erie,  Penna. 


THE  BABCOCK  &  WILCOX  COMPANY 

85  LIBERTY  STREET,  NEW  YORK 

Water  Tube  Steam  Boilers 


STEAM  SUPERHEATERS 


MECHANICAL  STOKERS 


Work.!   BARBERTON.  OHIO     BAYONNE,  N.  J. 


BOSTON',  35  Kcdurai  SI. 

PITTSBURGH,  Farniirs  Diposit  Bank  Bldg 

SALT  I..\KE  CITY,  313  Atlas  Block 

CLEVELAND,  New  England  Bldg. 

LOS  A.VGELKS,  Ari.eri.aii  Bank  Bldg. 


BRANCH   OFFICES 
PHILADELPHIA,  North  American  Bid 
NEW   ORLEANS,  Shubert   Arcade. 
CHICAGO.   Marquette  Bldg 
PORTLAND,  ORE..  Wells-Fargo  Bldg. 
SE.VrrLE,  Mutual  Life  Bldg. 


SAN  FRANCISCO,  99  First  Street 
DENVER,  435  Seventeenth  Street 
ATLANTA,  Candler  Bldg. 
HAVANA,  CUBA,  116J  Calle  de  la  Habma 
CINCINNATI,  Traction  Bldg 


Jenkins  Bros.,  Y  or  Blow-Off  Valves 

Are  especially  adapted  for  use  where  the  unobstructed  flow  of 
thick  fluids  is  required.  As  blow-off  valves  they  have  no 
superior.  Having  a  full  opening  nearly  in  line 
with  the  pipe,  but  little  resistance  is  offered  to  the 
free  flow  of  steam  or  fluids.  Fitted  with  Jenkins 
Discs,  removable  seat  rings,  and  interchangeable 
parts  throughout.  Made  in  Brass  or  Iron  Body. 
Wi'ite  for  illustrated  catalogue. 

JENKINS      BROS.,       new  YORK  boston  PHILADELPHIA  CHICAGO 


Allis-Chalmers  Reciprocating  Steam  Engines 

The  Leaders  for  Half  a  Century 
Superior  Design  Unexcelled  Performance 

Allis  -  CKaln\ers    Convpany 

General  Offices     -     Milwaukee,  Wis. 


POWER  FOR  2c  A  KW.  HOUR 

If  you  are  payins;  more  than  this  fm"  lighting  and  powercurrent 
you  are  throwmggood  money  away, — miglit  just  as  well  get  a  KW. 
hr.  for  two  cents  and  put  the  difference  in  your  pocket.  Hundreds 
of  plants  are  already  running  as  economically  as  this  by  using 

AMERICAN  BALL  ANGLE  COMPOUND 

DIRECT  CONNECTED  UNITS 

The  Angle  Compound  Unit  is  built  especially  for  isolated  plapt 
service.  It  has  superior  steam  economy,  gets  twice  as  much  power  in 
the  same  Eoor  space  as  a  simple  engme,  needs  very  little  attention 
(as  it  has  no  complicated  valve  gears  and  automatic  lubrication) , 
sets  up  absolutely  no  vibrations,  and  is  therefore  suitable  for  uae  in 
apartment  houses,  hospitals,  hotels,  etc.    Write  for  catalog. 

AMERICAN  ENGINE  COMPANY 


42  RARITAN  AVE. 


BOUND  BROOK,  N.  J. 
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HEINE   ^ti^B^E"   BOILERS 

and 

SUPERHEATERS 

In  units  of  from  50  to  600  H.  P. 

Heine  Safety  Boiler  Co.,  St.  Louis,   Mo. 

BRANCH    OFFICES 
Boston     New  York     Philadelphia     Pittsburgh     Chicago     Cincinnati       New  Orleans 


THE  WM.  H.  BRISTOL 
feLECTRIC  PYROIVIETERS 

equipped  with  the  patented  sectional  thermo- 
couple consisting  of  Fire  End  and  Extension 
Piece  and  furnished  with  Weston  Electrical 
movements. 

Catalogued  m  SG-page  illustrated  Bulletin 
No.  130  which  will  be  mailed  upon  request. 

Pee  also  new  64-page  illustrated  Bulletin  No. 
160  which  is  a  condensed  general  catalogue  of 
Bristol  Instruments  for  pressure,  temperature 
and  electricity. 

THE     BRISTOL     CO.,      waterbury,   Connecticut 

Hamilton   Corliss   Engines  are   good  en= 
gines.     So  are  Hamilton  Power  Pumps. 

Our  special  semi-steel,  steel  reinforced  anvil 
blocks  are  built  for  rigid  service. 

SEND  FOR  BULLETIN  "F" 

THE     HOOVEN-OWENS-RENTSCHLER     CO. 

HAMILTON,  OHIO 


I 


WE   SPECIALIZE 

We  concentrate  our  entire  attention  on  valves  and  hy- 
drants and  do  not  have  a  line  of  miscellaneous  sundries 
such  as  fittings,  boiler  trimmings,  etc.,  to  divide  our 
interests      Thus  we  can  give  valves  particular  attention. 

The  result  of  this  concentrated  effort  is  shown  in  Ken- 
nedy Valves — it  shows  in  their  design,  workmanship 
and  finish. 

THE  KENNEDY  VALVE  MFG.  CO. 

Main  Office  and  Works,   1028  E.  Water  St..  ELMIRA.  N.  Y. 
Branch  Office  and  Warehouse,  45  Beekman  St..  NEW  YORK.  CITY. 
Agencies,  666  Western  Union  Bldg.,  Chicago,  111. 

600  Bessemer  Bldg.,  Pittsburg,  Pa. 

262  Market  St  ,  San  Francisco,  Cal. 
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THE 
M^CASLIN 
CONVEYOR 


MEAD -MORRISON 

MANUFACTURING  COMPANY 

nr^HE  McCaslin  Noiseless  Overlapping 
^  Gravity  Bucket  Conveyor  is  the  supe- 
rior of  any  similar  device  offered  to-day  for 
the  conveying  of  Coal,  Ashes,  Hot  Clinker, 
etc.,  in  Power  Stations  or  Cement  Mill 
Service.      Correspondence  invited, 

WORKS  AND  GENERAL  OFFICES 

Cambridge,     Mass. 


New  York  -  14ft  Broadway 

Chicago  -  Monailno<'k  Block 

Baltimore,     -     S21  E(iuitul)!e  Buildin;; 
Montreal 


Pittsburg,  -        108  Parkway,  N.  S. 

San  Francisco      Metropolis  Bank  Bldg. 
New  Orleans,     -     110  North  Peters  St. 
-SO  St.  James  St. 
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CTHE  TRIPLEX  BLOCK)= 

We  Have  Two  Kinds  of  Customers 

HOSE  who  keep  repeating  orders  for 
Triplex  Blocks— because  they  would 
not  use  any  other. 

Those  who  send  their  first  order— because 
they  have  used  some  other. 


Experience  makes  everybody  a  Triplex 
Block  user— sooner  or  later— but  why  pay 
more  money  for  experience  when  you  can 
buy  a  Triplex  Block  with  less  ? 

Let  us  send  you  the  Book  of  Hoists 

The  Yale  &  Towne  Mfg.  Co. 


9  Murray  Street 


New  York,  U.  S.  A. 


5  Tons  of  Conveyor  Belting 


The  alcove  is  a  photographic  reproduction  of  a  9  ply-30  in.  "LONG 
LIFE"  Conveyor  Belt  1,500  feet  in  length — weighing  in  excess  of  5 
Tons,  which  we  recently  made  for  one  of  our  customers.  This  belt 
speaks  volumes  for  the  explicit  confidence  placed  by  Goodrich  patrons 
in  Goodrich  Qiialitjj  of  belting  and  emphasizes  the  immense  capacity  of 

"The  Largest  Rubber  Factory  in  the  World" 

The  B.  F.  Goodrich  Company 

Akron,  Ohio,  U.  S.  A. 


TRADE    MARK 
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Cftfltinuftuji 


RLRVATOR 


/•J  feet  high,  handles}  750 
tons  stone  in  ten  hours 

Write  for  Catalog  and  prices  on  a  Jeffrey  Elevat/zr 
for  your  work 

Also  Manufacturers  of  Conveyors, 
-cref;ns,  Crushers,  Coal  and  Ashes 
Handling  Equipments  for  Power 
Plants,  Power  Transmission  Machin- 
ery, Industrial  Locomotives. 

Catalogs  mailed  upon  request. 


Jeffrey  Mf^.  Company.  Columbus,  Ohio 

Chicago  D';nvfcr  i'ittsburg  *"  harleston,  \\ .  V'a.  New  York 

"^t/.  Loiiia        Montreal        Atlanta,  Ga,        Birmingham  Boston 


CLYDE  Hoisting  Engines 

—  EMBODY  — 
Steel  Gears  and  Ratchets,  Bronze  Bushed  Drums, 
Large  Shafts   and    Bearings,   Positive   Frictions, 
Large  Boilers  and  other  Important  Features 

Send   for   [Jescriptive  Catalog 

CLYDH  IRON  WORKS 

DLLI.TH,    MINN. 
CHiCAOO,  rr.t...  ',ii-r^  ?.'?.hbr  s.m<o. 

<JB-W    TOKK  JTEW   ORT.EAMS  9AVA:M>rAH  HOrSTOW,  TIZAJ 

M  CLijTCh        421  Ca-rondelet     501  ''>rTr.anla  1415  CerteT 


THE 


H  J  REEDY 

CINCINNATI.  O. 

ELEVATORS 

EVERY  TYPE 


COMPANY 
INC. 


ALLIANCE    CRANES    All    Types 

Also  Rolling 
Mill  and 
Hydraulic 
Machinery^ 
Steam  Ham- 
mers, Punches  and  Shears,  Scale  Cars,  Copper 
Converting  Machinery,  etc. 


Alliance,  Ohio 


THE  ALLIANCE  MACHINE  CO. 


Pittsburg  Office,  Frick  Building. 


Birmingham  Office,  Woodward  Building 


ELECTRIC  TRAVELERS 
I All  Types  for   Every  Service 


COMPLETE  EQUIPMENT 

AND  Cranes  of  All  Kinds  fob 
GREY  IRON,  STEEL  AND  MALLEABLE 

FOUNDRY  PLANTS 

Buildings  designed  and  furnished.  Equip- 
ment installed  and  operated.  Plant 
delivered   to   purchasers   ready  to   run. 

Whiting  Foindry  EqiipmentCo. 

Manufacturers,  Engineers,  Designers 
HARVEY,  ILL.  (Chicago  suburb) 


If  you  need  ELECTRIC  AND  HAND  TRAVELING  CRANES 

Learn  about 


cranes] 


Made  to  suit  the  most  exacting  engineering  requirements  and  the  most  severe 
duty.  All  types,  capacities  and  sizes.  Safety  to  employes  given  especial  con- 
sideration in  all  our  designs. 

NORTHERN  ENGINEERING  WORKS, ^j^l^^'^ 


NEW  YORK  OFFICE.    120  LIBERTY  STREET 


CHICAGO,  S3P  MONADNOCK 


Elevators 

Papers  read  before  The  American  Society  of  Mechanical  Engineers 

No.  Price. 

820  Elevator,  C.  R.  Pratt $0.50 

940  Elevator  Safeties,  C.  R.  Pratt 10 

981  Test  of  a  Hydraulic  Elevator  System,  R.  P.  Bolton 10 

1128  Test  of  a  Plunge  Elevator  Plant,  A.  J.  Herschmann 30 

1161  A  High-speed  Elevator,  C.  R.  Pratt 40 

$1.40 

Set  Complete  $1.25  Members'  rates  are  half  price 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York 
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simplex  not  Duplex 
"To  be  simple 
ia  to  be  great" 


Compound  Packed  PlungtT  Puinp 


Steam  and  Power  Pumping  Machinery 

For  every  service 

American  Compound  Pumps  work- 
ing on  Elevator  or  Water  Works 
service  have  shown  a  very  low  steam 
consumption  and  a  minimum  main- 
tenance cost. 

They  have  been  found  reliable 
and  ready  to  work  with  the 
(Jovernor. 

Our  No.  18  Catalogue  goes  into  details. 


American  Steam  Pump  Company, 


Battle  Creek,  Mich. 

U.  S.   A. 


GOULDS  PUMPS 

Every  practical  improvement 
will  be  found  in   our    line   of 

TRIPLEX    POWER    PUMPS 

BUILT     IN     ALL     SIZES 

Bulletins  on  request 

THE     GOULDS     MFG.     CO. 

78  W.  FALL  ST.  S  EN  ECA  FALLS,  N.  Y. 

Branches  in  all  large  cities 


CENTRIFUGAL 
PUMPING  MACHINERY 

Of  all  Descriptions 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,   N.  Y. 

HENION  &HUBBELL,  Agents,  61-69  N.  Jefferson 

Street,  Chicago,  111. 

H.  A.  PAINE,  Agent,  Houston,  Tex. 
New  York  Office.  139-41  Cortlandt  Street 


THE  JOURNAL  AND  TRANSACTIONS 

OF  THE 

AMERICAN    SOCIETY    OF   MECHANICAL    ENGINEERS 

ARE    PRINTED     BY 

THE   WILLIAMS   &.   WILKINS   COMPANY 

AT    THE 

WAVERLY    PRESS 
BALTIMORE 
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ENGINEERING  SCHOOLS  AND  COLLEGES 


NEW    YORK    UNIVERSITY 
SCHOOL  OF  APPLIED  SCIENCE 

DBPABTMBNT8  OF  ClvU,  Mechanical  and  Chem- 
ical Engineering. 

For  announcements  or  Information,  address 

Charles  Henry  Snow,  Dean. 

UNIVERSITY  HEIGHTS.  N.  Y.  CITY. 


TUFTS  COLLEGE 

Department  op  Engineering.  Civil,  Me- 
chanical, Electrical  and  Chemical  Engineering. 
New  laboratories  and  excellent  equipment. 
Beautiful  site  within  four  miles  of  Boston.  Pre- 
paratory department  for  students  who  have  had 
engineering  practice,  but  InsufEcient  prepara- 
tion for  college  work.  For  Information  concern- 
ing courses  and  positions  of  graduates,  address 

Prof.  G.  C.  Anthony,  Dean, 
TUFTS  COLLEGE   P.   O.,   MASS. 


POLYTECHNIC    INSTITUTE    OF 
BROOKLYN 

Course  in  Mechanical  Engineering,  Even- 
ing Post-Graduate  Courses.  Fred.  W.  Atkin- 
son, Ph.D.,  President;  W.  D.  Ennls.  Member 
A.  S.  M.  E.,  Professor  Mechanical  Engineering. 


THE   RENSSELAER   POLYTECH- 
NIC INSTITUTE 

Courses  In  ClvU,  Mechanical  and  Electrics 
Engineering  and  General  Science  leading  to  th« 
degrees,  C.  E..  M.  E.,  E.  E.  and  B.  S. 

Unsurpassed  laboratories  for  Mechanical  and 
Electrical  Engineering. 

Catalogue  sent  upon  application,  TROY,  N.'V  . 


PROFESSIONAL  CARDS 


THE  ARNOLD  COMPANY 

Engineers — Constructors 
Electrical — Civil — Mechanical 


ELECTRICAL  TESTING 
LABORATORIES 

Electrical  and  Mechanical  Laboratories 
Tests  of  Electrical  Machinery,  Apparatus  and 
Supplies.       Materials   of   Construction,    Coal, 
Paper,  etc.     Inspection  of  Material  and  Appa- 
ratus at  Manufactories. 
80th  Street  and  East  End  Avenue, 

NEW  YORK  CITY. 


105  South  La  Salle  Street,  CHICAGO. 


BERT    L.    BALDWIN 

Member  A.  S.  M.  E.  and  A.  I.  E.  E. 
Plans,  Specifications  and  Superintendence  of 
Manufacturing  Buildings,   Plants  and  Equip- 
ments of  same. 

Perm  Building,  CINCINNATI,  OHIO 


F.  W.  Dean       H.  M.  Haven       Wm.  W.  Crosby 
Members  A.  S.  M.  E. 

F.  W.  DEAN,  INC., 

Mill  Engineers  and  Architects, 

Exchange  Building,  53  State  St., 

BOSTON,  MASS. 


J.  A.  HERRICK, Consulting  Engineer 

Member  A.  S.  M.  E. 
The  Herrlck  Patented  Gas  Producers.  Gaa  and 
Air  Valves,  Gas  Furnaces,  Regenerative  and  Di- 
rect Fired — all  purposes. 

Room  1603,  No.  2  Rector  St.,  N.  Y.  City 


CHAS.  T.  MAIN 

Member  A.  S.  M.  E. 

Mill  Engineer  and  Architect 

201  Devonshire  Street,  BOSTON,  MASS. 


J.  Wm.  PETERSON 

Lubrication  Engineer 

Specialty:  Plans,  Specifications  and  Supertnten- 

dence  of  Power  Plant  Oiling  Systems  and 

General  Machinery  Lubrication 


50  Church  Street 


NEW  YORK  CITY 
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MACHINE  SHOP   EQUIPMENT 


MACHINE   SHOP   EQUIPMENT 


BUTTERFIELD  &  CO. 

Derhy  Line,  Vt.         New  York,  126  Chambers  St.         Rock  Island,  P.  Q. 
Manufacturers   of  Taps,    Dies,    Screw   Plates,    Stocks   and   Dies,   Tap 
Wrenches,  and  all  Thread  Cutting  Tools.     Our  goods  are  not  surpassed  by 
anv  in  the  world. 


TAPS 

■nd 
DIES 


THE  CARBORUNDUM  COMPANY 

NIAGARA  FALLS,  N.  Y. 
Sole  manufacturers  in  America  of  Carborundum,  the  hardest,  sharpest,  quickest 
cutting  and  most  uniformly  perfect  abrasive  material  known.  The  Carborundum  pro- 
ducts include:  Grinding  Wheels  for  every  possible  grinding  need,  Sharpening  Stones, 
Oil  Stones,  Rubbing  Bricks,  Carborundum  Paper  and  Cloth,  Valve  Grinding  Compound, 
Carborundum  Grains  and  Powders,  and  Garnet  Paper. 


CARBORUNDUM 
PRODUCTS 


THE   J.    M.    CARPENTER  TAP  &  DIE  CO. 

PAWTUCKET,  R.  I. 

Carpenter's  Tools  for  cutting  Screw  Threads,  Taps,  Dies,  Screw  Plates, 
Dies  and  Stocks,  Tap  Wrenches,  etc.,  have  been  38  years  on  the  market 
and  38  years  in  the  lead. 


TAPS 

and 

DIES 


CINCINNATI  GEAR  CUTTING  MACHINE  CO. 
CINCINNATI,  O. 
Our   Automatic    Spur  Gear  Cutting  Machines  exceed  in   power   and 
capacity  and  equal  in  accuracy  any  naachines  of  their  type  made. 


THE    CINCINNATI    SHAPER    CO. 

CINCINNATI,  O. 
We   manufacture  the   most  complete  line  of  Shapers  made,  including 
Plain  Crank,  Back  Geared  Crank,  Geared  Rack,  Open  Side  and  Traverse 
Shapers,  as  weU  as  Crank  Planers. 


GEAR 

CUTTING 

MACHINES 


SHAPING 
MACHINES 


THE  FELLOWS  GEAR  SHAPER  CO. 

SPRINGFIELD,  VT. 

The  Gear  Shaper  cuts  the  smoothest  gears  in  use,  because  the  cutter  is  a  theoreti- 
cally correct  generating  tool  and  is  ground  after  being  hardened.  It  is  also  the 
fastest  machine  on  the  market  by  25  to  50%.     Literature  gives  reasons  in  detail. 


GEAR 
SHAPERS 


THE  GARVIN  MACHINE  COMPANY 


137  Varick  St. 


NEW  YORK  CITY 


Manufacturers  of  a  complete  line  of  Plain  and  Universal  Milling  Machines,  Screw 
Machines,  Monitor  Lathes,  Tapping  Machines,  Duplex  Drill  Lathes,  Speed  Lathes,  Cut- 
ter Grinders,  Automatic  Chucks,  etc. 


MILLING 
MACHINES 
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MACHINE  SHOP  EQUIPMENT 


HOLLOW 

SET 
SCREWS 


AIR 

COMPRESSORS 

AIR  TOOLS 

AND    HOISTS 


TURRET 
LATHES 


HEAVY  DUTY 

BORING 

MILLS 


TTA^TMACHEK,  SCHLEMMER  &  CO. 

New  York,  since  JS4-!^  ,01- 

Hardware,  Tools  and  Supplies 
Including  Hollow  Set  Screws.     See  special  advertisement  under  "Ma- 
chine Shop  Equipnaent/^ 

^f^^^^^K^OLL^ND    COMPANY 

^  NEW  YORK 

11    BUOADWAY  . 

Hoists,  capacity  4  to  5  tons. 


THE  KING  MACHINE  TOOL  CO. 

CINCINNATI,  O. 

Vertical  Turret  Machines,  28"  and  34".     Vertical  Boring  and  Turning 
Machines,  42"  to  84",  inclusive. 


JONES  &  LAMSON  MACHINE  CO.  [ 

SPRINGFIELD,  VT.  I  j 

Manufacturers  of  the  Hartness' Flat  Turret  Lathe,  made  in  two  sizes  , 

for  both  bar  and  chuck  work. 


Ij^j^^Tj^ncliriLOND  MACHINE  TOOL  CO. 

LATHES       !  CINCINNATI,   OHIO. 

MILLING  we  „»„«racU„e  >  '»->'f  ^^'^f  "^ ^rnt-^U  r.,r'r'n.ro;"ho 

MACHINES  1  jsjLi^' ■:  wt;;u"»t\r.is.r^^^ 


MACHINE 
TOOLS 

ENGINEERING 
SPECIALTIES 


PINIONS 

AND 

GEARS 


MACHINE 
TOOLS 
CRANES 


~l^lXTOnNX>7MAXWm]l7&  MOORE,    Inc 

SINGER  BUILDING,  NEW  YORK 
many  branches  of  machine  tool  building  in^theUnitedStates^ 

THE  NEW  PROCESS  RAW  HIDE  CO. 

SYRACUSE,  N.  Y. 

ManuiBcturers  of  New  Process  Noiseless  Pinions  and  also  of  accurately 
cut  Metal  Gears  of  all  kinds. 


NILES-BEMENT-POND  CO.        ^^^^ 

111  Broadway 

Metal  Working  Machine  Tools,  aU  kinds  and  sizes.  Ndes  ^rane^S  to 
200  tons  capacity.  Hydraulic  Machinery.  Steam  and  Drop  Hammers. 
Small  Tools  and  Gauges.     Catalogs  mailed  upon  request. 
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MACHINE  SHOP   EQUIPMENT 


RTTSSELI.,   Bl^RDSALL  &  WARD  BOLT  k  NUT  CO. 

PORT  CHESTER,  N.  Y. 

Manufacturers  of  the  finest  f>rade  of  Bolts  and  Nuts  for  automobiles, 
machinery  and  engineering  work. 


UNITED  ENGINEERING  &  FOUNDRY  CO. 

2300  Farmers'  Bank  Bkl^.  PITTSBURG,  PA. 

Manufacturers  of  Hifjh-Speed  Steam  Hydraulic  Forjxing  Presses. 
Single  Lever  Control.  Built  for  all  classes  of  Forging,  Shearing  or  Press- 
ing.    100  to  12,000  tons  capacity. 


BOLTS 
AND 

NUTS 


STEAM 

HYDRAULIG 

FORGINa 

PRESSES 


AVALTHAM  MACHINE  WORKS 

WALTHAM,  MASS. 

Our  Bench  Lathes  swing  8",  will  take  s"  rod  throiigh  the  chuck  and  the  workman- 
sliip  is  of  the  highest  watch  machine  stiindard.  It  is  :i  necessity  in  the  modern  tool 
room.  Catjilog  for  those  interested.  Also  makers  of  Automatic  Precision  Bench 
Machinery. 


PRECISION 
BENCH 
LATHES 


THE  WARNER  &  SWASEY  COMPANY 

CLEVELAND,  OHIO 
BRANCH  OFFICES:  NEW  YORK  CHICAGO  DETROIT 

We  ofler  a  most  complete  line  of  high-grade  Turret  Lathes  for  producing  work 
accurately,  rapidly  and  economically.  Our  catalog,  which  describes  these  machines 
fully,  will  be  mailed  on  request. 


TURRET 
LATHES 


STEAM   ENGINES  AND  BOILERS 


ALMY  WATER  TUBE  BOILER  CO. 

PROVIDENCE,  R.  I. 

Manufacturers  of  Almy  Patent  Sectional  Water  Tube  Boilers  for  steamships, 
river  steamers,  both  propeller  and  stern  wheel,  torpedo  boats,  lire  boats,  launches. 
Donkey  Boilers  for  steamships  and  for  all  kinds  of  stationary  work. 


WATER    TUBE 
BOILERS 


AMERICAN   ENGINE   CO. 

42  Raritax  Ave.  BOUND  BROOK,  N.  J. 

Builders  of  American  Ball  Anf^le  Compound  Engines.  Angle  com- 
pound, 80  to  1,000  h.  p.;  double  angle  compound,  160  to  2,000  h.  p.;  four 
cylinder  triple,  120  to  1,600  h.  p. 


THE  BABCOCK  &  WILCOX  COMPANY 

85  Liberty  Street,  NEW  YORK 

Water  Tube  Steam  Boilers,  Steam  Superheaters,  Mechanical  Stokers. 


ENGINES 


WATER  TUBE 
BOILERS 
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STEAM 
ENGINES 


STEAM    ENGINES    AND    BOILERS 


BALL  ENGINE  COMPANY 

ERIE,  PA. 

Builders  of  Ball  Single  Valve  Automatic  and  Higrh  Speed  Corliss  F.ngines  with 
non-detaching  valve  gear,  for  direct  connection,  or  belting  to  electric  generators. 


ENGINES 
STEAM  AND  GAS 


BUCKEYE  ENGINE  CO. 

SALEM,  OHIO 
Builders  of  Stwira  and  Gas  Enjiines;  high  in  duty,  superior  in  regu- 
lation.    Buckeye  Four-Stroke  Cycle  Gas  Engine,  single  and  double-acting, 
in  powers  from  .jO  to  (iOOO  h.  p. 


STEAM 
BOILERS  AND 

ENGINES 
FEED-WATER 

HEATERS 


ERIE  CITY  IRON  AVORKS 

I'JIIK,  PA. 

Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  bottom  portable, 
open  bottom  portable  and  vertical  tubular.  Engines:  four  valve,  enclosed  high  speed, 
automatic,  center  crank,  side  crank,  portable.    Feed- Water  Heaters  from  25  to  600  h.p. 


STEAM 
ENGINES 


HARRISBURG  FOUNDRY  &   MACHINE  WORKS 
HARRISBURG,   PA. 

Manufacturers  of  Fleming-Harrisburg  Horizontal  Engines,  Corliss  and 
Single  Valve,  Simple,  Tandem  and  Cross  Compound. 


WATER 

TUBE 

BOILERS 


HEINE  SAFETY  BOILER  CO. 

ST.  LOUIS,  MO. 

Heine  Water  Tube  Boilers  and  Superheaters,  manufactured  in  units  of 
from  .50  to  600  H.  P..  will  materially  reduce  power  plant  expense. 


STEAM 
ENGINES 


ENGINES 
TURBINES 
CASTINGS 


STEAM 
ENGINES 


HEWES  &  PHILLIPS  IRON  WORKS 

NEWARK,  N.  J. 
Makers  of  improved  Patent,  Double  Port  Corliss  Engines,  Heavy  Duty 
or  Girder   Frame,   Simple  or  Compound,   having  our  new  Franklin  High- 
speed Liberating  Valve  Gear. 


THE  HOOVEN,  OWENS,  RENTSCHLER  CO. 

HAMILTON,  OHIO. 
Manufacturers  of  Hamilton  Corliss   Engines,   Hamilton  High  Speed 
Corliss   Engines,    Hamilton    Holzwarth    Steam   Turbines,    Special    Heavy 
Castings. 


A. 

L.   IDE  & 

SPRINGFIELD, 

SONS 

ILL. 

The  Ideal 
pound  types. 

Engine. 

Built  for  all  power  purposes. 

in 

simple 

and 

con> 
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STEAM   ENGINES  AND   BOILERS 


PROVIDENCE  ENGINEERING  WORKS 

PROVIDF>NCK,  K.  I. 
Rice   &    Sarjient    Higher   Speed    Corliss    Enjiines,    Improved   Greene 
Engines,  Providence  Gas  Engines  and  Gas  Producers,  Providence  Steam 
Turbines,  Automobile  Motors  and  Parts,  Special  Machinery. 


STEAM   AND 

GAS  ENGINES 

GAS 

PRODUCERS 

STEAM 

TURBINES 


RIDGWAY  DYNAMO  AND  ENGINE  CO. 

RIDGWAY,  PA. 

RidfVway  lMi<>ines;  four-valve,  cross  compound,  belted,  sin{>le-valve, 
tandem  compound,  direct  connected.  Ridgway  Generators;  alternating 
current,  direct  current,  belted  and  engine  types. 


ENGINES 
GENERATORS 


ROBB  ENGINEERING  CO.,  LTD. 

Waverly  St.,  SOUTH  FRAMINGHAM,  MASS. 
ISl  State  St.,  BOSTON  90  West  St.,  NEW  YORK 

Robb-Mumford  Internally  Fired  Boiler,  Water  Tube,  Return  Tubular, 
and  other  types  of  boilers;  Smoke  Stacks,  Tanks,  etc. 


BOILERS 


THE  WESTINGHOUSE  MACHINE  CO. 

EAST  PITTSBURG,  PA. 

Designers  and  builders  of  Steam  Turbines,  Steam  Engines,  Gas  En- 
gines, Gas  Producers,  Condensers  and  Mechanical  Stokers. 


TURBINES 

ENGINES 

GAS 

PRODUCERS 

CONDENSERS 

STOKERS 


GAS  ENGINES  AND  GAS  PRODUCERS 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 

Builders  of  Gas  Engines  to  operate  on  producer  gas,  natural  gas  or 
furnace  gas,  capacities  from  300  to  5000  B.H.P. 


GAS 
ENGINES 


THE  BRUCE-MACBETH  ENGINE  CO. 

Successors  to  THE  BRUCE-MERIAM-AEBOTT  COMPANY 
2116   Centre  St.,  N.  W.     CLEVELAND,  O. 
Vertical  Gas  Engines,  Two  and  Four  Cylinders.      For  natural  or  pro- 
ducer gas.      15  to  300  H.  P.     Economy,  reliability  and  simplicity  unex- 
celled. 


GAS  ENGINES 

AND 

PRODUCERS 


DE  LA  VERGNE  MACHINE  COMPANY 

1123  E.  138th  St.  NEW  YORK  CITY 

Refrigerating  and  Ice  Making  Machinery,  5  to  600  tons  capacity;  Oil 
Engines  up  to  350  B.  H.  P.;  Gas  Engines  75  to  2400  B.  H.  P. 


REFRIGERATING 

and 

ICE    MAKING 

MACHINERY 

OIL   AND    GAS 

ENGINES 
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OIL 
ENGINES 


GAS  ENGINES  AND   GAS   PRODUCERS 


AUGUST  MIETZ  IRON  FOUNDRY  &  MACHINE  WORKS 
123  MoTT  St.,  new  YORK 

Oil  Enf,nnes,  Mar'ne  and  Stationary,  2-iOO  h.p.,  100,000  h.p.  in  oper- 
ation. Direct  coupled  or  belted  to  Generators,  Air  Compressors,  Pumps, 
Hoists,  etc.,  etc. 


GAS    ENGINES 

AND 

PRODUCERS 


NATIONAL  METER  COMPANY 

NEW  YORK  CHICAGO  BOSTON 

Nash  Gas  Engines  and  Producers  are  capable  of  running  at  their  rated 
load  for  ten  consecutive  hours  on  one  charge  of  fuel;  will  develop  a  B.  h,  p. 
hour  on  one  pound  of  coal;  are  reliable  because  they're  Nash. 


POWER  PLANT  AUXILIARIES  AND  SPECIALTIES 


INJECTORS 


AMERICAN  INJECTOR  COMPANY 

DETROIT,  MICH. 
U.  S.  Automatic  Injectors,  Ejectors,  Jet  Pumps,  Drive  WellJet  Pumps, 
Exhaust  Injectors,  Fire  Plugs,  Grease  Cups,  Oil  Cups,  Oil  Pumps,  Water 
Gages,  Gage  Cocks,  lubricating  devices  and  other  steam  specialties. 


VALVES 

GAUGES 

INDICATORS 


AMERICAN  STEAM  GAUGE  AND  VALVE  MFG.  CO. 

BOSTON,  MASS.  Established  1851 

Presssure  and  Recordinsr  Gauges,  Engine  Room  Clocks  and  Counters  for  all  pur- 
poses. Iron  and  Brass  Pop  Safety  and  Relief  Valves  for  stationary,  marine  and  loco- 
motive use.  The  American  Thompson  Improved  Indicator  with  new^  improved  detent 
motion. 


VALVES 
GAGES 


THE  ASHTON  VALVE  CO. 

BOvSTON  N?:W  YORK  CHICAGO 

Makers  of  the  Ashton  Pop  Safety  Valves,  Water  Relief  Valves,  Blow 
Off  Valves,  Pressure  and  Vacuum  Gages.  All  of  a  superior  quality  and 
guaranteed  to  give  greatest  efficiency,  durability  and  perfect  satisfaction 


RECORDING 

GAUGES 

and 
INSTRUMENTS 


THE  BRISTOL  COMPANY 

waterbury,  conn. 

Bristol's  Recording  Pressure  and  Vacuimi  Gauges.  Bristol's  Recording  Ther- 
mometers. The  Wm.  H.Bristol  Electric  Pyrometers.  Bristol's  Recording  Voltmeters, 
Ammeters  and  Wattmeters.  Bristol's  Recording  Water  Level  Gauges.  Bristol's  Time 
Recorders  and  Bristol's  Patent  Steel  Belt  Lacing. 


INJECTOR 
CONDENSOR 


hp:nry 

w. 

BULKLEY 

ORANGE 

,  N.  J. 

The  Bulklev 

Injectoi 

Condensor  is 

guaranteed  to  forn 

th 

3  best 

vacuum  | 

by 

head 

of  wate 

r  or  by 

supply 

punij) 

In   g-eneral  use 

on 

all  cl 

asses 

of 

enj. 

ines. 
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POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


CHAPMAN  VAIA  E  MANUFACTURING  CO. 

INDIAN  ORCHARD,  MASS. 

BOSTON       NEW  TOBE       ST.  LOUIS       PITTSBURGH       CHICAGO       PHILADELPHIA       SAN  FRANCISCO 

Brass  and  Iron  Valves  for  steam,  water,  gas,  oil,  etc.     Sluice  Gates. 
Send  for  catalogue. 


VALVES 


CROSBY  STEAM  GAGE  AND  VALVE  CO. 

BOSTON,  MASS. 

Steam,  (las,  Hycliaulic  Indicators:  Statioiiaij'.  Marino,  L.oconiotivo  Safety  Valves; 
Gages  for  all  purposes;  Kooorilinfr  Instmnients:  Cliiine  Whistler;  Sight  feed  Lubrica- 
tors; Globe  and  Angle  Valves,  Iron  and  Brass,  for  high  pressures;  Blow-off  Valves;  Gage 
Testing  Instruments;  Boiler  Testing  Instruments;  Planimeters  and  other  specialties. 


STEAM 
APPLIANCES 


DEARBORN  DRUG  k  CHEMICAL  WORKS 

General  Offices  and  Laboratories:  McCormick  Bldg.,  CHICAGO 
Analj^ze  gallon  samples  of  boiler  waters,  and  furnish  reports  to  steam 
users,  gratis.     Prepare  scientific  water  treatment  for  the  prevention  of  scale, 
corrosion,  pitting,  foaming,  and  all  troubles  caused  from  boiler  waters. 


BOILER 
WATER 

TREATMENT 
BOILER 

COMPOUND 


HOMESTEAD  VALVE  MANUFACTURING  COMPANY 

Works:     HOMESTEAD,  PA.  PITTSBURG,  PA. 

Manufacturers  of  "Homestead  Valves."  Straightway,  Three-way  and 
Four-way,  for  blow-off  or  for  highest  pressure  and  most  difficult  service  for 
water,  air  or  steam.     Valves  unlike  all  others. 


VALVES 


THE  HUC;HS0N  STEAM  SPECIALTY  CO. 

CHICAGO,  ILL. 

Manufacturers  of  Regulating  Valves  for  all  pressures  and  for  steam,  air  and  water. 
The  best  and  only  absolutely  noiseless  Combination  Back  Pressure  and  Relief  Valve. 
Pump  Regulators,  Separators,  Steam  Traps,  Automatic  Stop  and  Check  Valves.  Write 
for  complete  catalogue. 


VALVES 
STEAM  TRAPS 
SEPARATORS 
REGULATORS 


INGERSOLL-RAND 

11  Broadway 


COMPANY 

NEW  YORK 


Air  Compressors,  twenty  standard  types,  capacity  8  to  8000  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor 
Hoists,  capacity  5  to  5  tons. 


AIR 

COMPRESSORS 

AIR  TOOLS 

AND    HOISTS 


JENKINS  BROS. 

NEW  YORK  BOSTON  PHILADELPHIA  CHICAGO 

Manufacturers  of  the  genuine  Jenkins  Bros.  Valves,  Jenkins  Discs, 
Jenkins  '96  Packing,  Jenkins  Bros.  Pump  Valves,  Jenkins  Gasket  Tubing. 
Sole  agents  for  Sellers'  Restarting  Injector.     Catalog  mailed  on  request. 


ROBERT  A.   KEASBEY  CO. 

100  N.  MooEE  St.  new  YORK  CITY 

Telephone:  6097  Franklin. 

Heat  and  Cold  Insulating  Materials.     Headquarters  for  85%  Magnesia, 
Asbestos  and  Brine  Pipe  Coverings,  Asbestos  Products,  etc. 


VALVES 

PACKING 

DISCS 


MAGNESIA 
ASBESTOS 

AND 

BRINE  PIPE 
COVERINGS 
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VALVES 


POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 

THE  KENNEDY   ^  ALVE  MANUEACTURING  CO. 

ELMIRA,  N.  Y.  57  Bekkmak  St.,  NEW  YORK 

Manufacturers  of  Valves  for  various  purposes  and  pressures;  Hydrants; 
Indicator  Valves  for  Automatic  Sprinkler  Equipment. 


VALVES 

BLOW-OFF 

VALVES 

riRE  HYDRANTS 


THE  LUDLOW  VALVE  MFG.   CO. 

TROY,  N.  Y. 
Manufacturers   of  genuine   Ludlow   Gate   Valves    for   all   purposes. 
Special  Blow-off  Valves.      Check  Valves.     Foot  Valves.       Sluice  Gates. 
Indicator  Posts.     Fire  Hydrants. 


VALVES 
INJECTORS 


THE  LITNKENHEIMER  COMPANY 

CINCINNATI,  OHIO 

LUBRICATORS  Maiiufaotiuers  of  high  g^rade  engincerintr  specialties,  conipiising  Brass  and  Iron 

ETC.  I  Valves,  Whistles,  Cocks,  (iaages.  Injectors,  Lubricators,  Oil  rumps.  Oil  and  Urease 

I  Cups,  etc.,  adapted  to  the  requirements  of  all  classes  of  machinery. 


AUTOMATIC 


THE  MODEL  STOKER  CO. 

UAYTON,  O. 


BOILER  The  Modc4  Automatic  Smokeless  Furnace.     The  only  automatic  fur- 

FURNACES    ■  nace  that  keeps  the  fire  clean.     Designed  by  experienced  skill,  and  is  a 
decided  advance  in  stoker  furnace  construction  and  in  operative  results. 


VALVES 


MONARCH  VALVE  &  MANUFACTURING    COMPANY 

39  CoRTLANDT  St.,  NEW  YORK  SPRINGFIELD,  MASS. 

Manufacturers  of  Bronze  and  Iron  Bodied  Valves  for  various  pressures 
and  purposes. 


STEAM 
TRAPS 


MOREHEAD    MAN(  1  ACTITRING 

DETROIT,  MICH. 


CO. 


Return,  Non-Return  and  Vacuum  Steam  Traps.  The  Morehead  Tilting  Steam  Trap 
is  the  original  design  of  lilting  trap,  having  been  on  the  market  for  a  quarter  of  a  cen- 
tury. For  reliable  and  satisfactory  service  this  type  of  trap  recommends  itself.  Illus- 
trated descriptive  cafcUog  sent  on  request. 


AUTOMATIC 
FURNACE 


VALVES 


THE  MURPHY  IRON  WORKS 

DETROIT,  MICH. 
Founded  1878  Inc.   1904 

Builders  of  The  Murphy  Automatic  Furnace.     The  best  Automatic  Fur- 
nace that  thirty  years  practical  experience  can  produce. 


NELSON  VALVE  COMPANY 

PHILADELPHIA 
Gate,  Globe,  Anfi,le  and  Check  Valves,  for  Water,  Saturated  or  Super- 
heated Steam  and  other  fiuids,  for  any  pressure,  for  any  temperature.    Our 
new  294-page  Valve  Catalogue  sent  free  on  request. 
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POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


THE  OHIO  INJECTOR  COMPANY 

WADSWORTH,  O. 

Manufacturois  of  Ohio  Locomotive  Injectors,  Garfield  Injectors  and  Eijectors, 
Ohio  Automatic  Injectors,  Chicago  Automatic  Injectors  and  Ejectors  Chicago  Sight- 
Feed  Luliricalors  for  locomotive  and  stationary  service,  Grease  Cups  Oil  Caos,  Water 
Gauges,  Gauge  Cocks,  O.  I.  Co.  Valves,  etc. 


INJECTORS 

EJECTORS 

LUBRICATORS 

GREASE  CUPS 

GAUGES 

VALVES 


THE  PICKERING  GOVERNOR  CO. 

PORTLAND,  CONN. 
Governors    for  Steam   Engines,    Turbines,    Gas    Engines.      Mechanical 
Control,  Power  Regulation. 

See  our  Condensed  Catalogue  in  April  number  of  The  Journal. 


GOVERNORS 


POAVER  PLANT  SPECIALTY  COMPANY 

625  MONADNOCK  Blk.,  CHICAGO,  ILL. 

Manufacturers  of  the  Vater  Two  Stage  Separator,  Vater  Water  Soften- 
ing System,  Vater  Open  Feed  Water  Heater,  Monarch  Vacuum  Drain 
Trap,  Pressure  and  Gravity  Filters.     Correspondence  solicited. 


SEPARATORS 
FEED-WATER 

HEATERS 
SOFTENERS 


POWER  SPECIALTY  CO. 

Ill  Broadway  NEW  YORK 

The  Foster  Patent  Superheater,  saves  feed  water,  condensing  water, 
coal  and  boiler  power. 


SUPERHEATERS 


WM.  B.   SCAIFE  &  SONS  COMPANY 

221  First  Ave.,  PITTSBURG,  PA. 

WE-FU-GO  and  SCAIFE  Water  Softening,  Purifying  and  Filtering 
Systems  for  boiler  feed  water  and  all  industrial  and  domestic   purposes 


WATER 
SOFTENING 
PURIFYING 

and 
FILTERING 
SYSTEMS 


SHERWOOD  MANUFACTURING  CO. 

BUFFALO,  N.  Y. 

Twenty-flve  years  experience  manufacturing  the  Sherwood  Double  Tube  Injectors 
forhighduty:  Buft'alo  Automatic  Injectors;  also  makers  of  the  Hart  Force  Feed  Oil 
Pump  for  Steam  Kngines;  Buffalo  Force  Feed  Multiple  Oil  Pumps  for  Gas  and  Gaso- 
line Engines;  Oil  Cups,  etc.    Catalog  on  application. 


INJECTORS 

AND 
OIL    PUMPS 


JOHN  SIMMONS  COMPANY 

110  Centre  St.  NEW  YORK 

The  Rothchild  Rotary  Gate  Valve  is  the  only  Valve  made  that  will 
positively  hold  steam,  water,  ammonia,  gas,  air,  oil  or  other  fluids — hot 
or  cold,  without  any  adjustment,  repairs  or  replacing  of  parts. 


THE  SIMS  CO. 

ERIE,  PA. 

Feed  Water  Heaters;  Convertors;  Steam  Separators;  Oil  Separators; 
Exhaust  Heads;  Oil  Filters;  Water  Softeners;  Boiler  Compound  Feeders 
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ROTARY 
GATE 
VALVE 


POWER  PLANT 
APPLIANCES 


POWER    PLANT   AUXILIARIES    AND    SPECIALTIES 


INSTRUMENTS 


HIGH 

PRESSURE 

FITTINGS 


CONDENSERS 

PUMPS 

COOLING 

TOWERS 


CONDENSERS 

COOLING 
TOWERS 

FEED-WATER 
HEATERS 


C.  J.   TAGLTABUE  MFG.   CO. 

396-398  BROADWAY  NEW  YORK,  N.  Y. 

Local  Sales  Offices  in  Cliieago  and  San  Francisco 
Manufacturers  of  Instruments  for  Indicating:,  Recording  and  Controlling  Tempera- 
ture and  Pressure.    Thermometers;  Automatic  Controllers;  Gages;  Oil  Testing  Instru- 
ments; Engineers  Testing  Sets,  Pyrometers,  Barometers,  Hygrometers,  Hydrometers,  etc. 
See  OUT  Condensed  Catalogue  in  April  numher  of  The  Journal. 


THE  TIGHT  JOINT  COMPANY 

306-310  East  47th  Street  NEW  YORK  CITY 

High  Pressure  Fittings  cand  Valves  for  oeneral  hydrauHc  systems,  Air 
or  Oil  Pressures,  for  pressrues  of  500;  1000;  1500;  3000  and  5000  lbs. 
Send  for  catalogue. 


WHEELER  CONDENSER  &  ENG. 

Maix  Oefice  and  Works:    CARTERET,  N.  J. 


CO. 


Surface,  Jet  and  Barometric  Condensers,  Combined  Surface  Condensers  and  Feed 
Water  Heaters,  Cooling  Towers,  Edwards  Air  Pumps.  Centrifugal  Pumps,  Rotative 
Dry  Vacuum  Pumps  and  Multiple  Effect  and  Evaporating  Machinery. 


C.  H.  WHEELER  MFG 

PHILADELPHIA,  PA. 


CO. 


NEW    YORK 


SAN    JTIANCISCO 


Manufacturers  of  High  Vacuum  Apparatus,  Condensers,  Air  Pumps, 
Feed  Water  Heaters,  Water  Cooling  Towers,  Boiler  Feed  and  Pressure  Pumps. 


PUMPS  AND   HYDRAULIC  TURBINES 


HYDRAULIC 
TURBINES 

PUMPING 
MACHINERY 


PUMPING 
MACHINERY 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 
Builders  of  Reaction  and  Impulse  Turbines,  in  capacities  up  to  20,000 
H.P.    High  Duty  Pumping  Engines,  Centrifugal  Pumps,  Single  and  Multi- 
stage; Screw  Pumps,  Elevator  Pumps,  Geared  Pumps,  Mine  Pumps  and 
Electrically  Driven  Pumps.    Hydraulic  Transmission  Pumping  Machinery. 


AMERICAN  STEAM  PUMP  COMPANY 

BATTLE  CREEK,   MICHIGAN,  U.  S.  A. 

Manufacturers  of  Marsh  and  American  Steam  and  Power  Pumping:  Machinery. 
The  valve  motion  is  desis:ned  for  efficient  and  reliable  service,  which,  combined  with 
low  maintenance  cost,  should  appeal  to  engineers  who  desire  to  reduce  their  operating 
expenses.     Literature  upon  request. 


PUMPS 
CONDENSERS 


New  York:  154  Nassau  St 


M.   T.  DAVIDSON  CO. 

43-53  Keai'  St.,  BROOKLYN,  N.  Y. 

Boston:  30  Oliver  St  < 
Surface  and  Jet  Con 


High  grade  economical  Pumps  for  all  services 
densers. 
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PUMPS  AND  HYDRAULIC  TURBINES 


THE  GOULDS  MANUFACTURING  COMPANY  I 

SENECA  FALLS,  N.  Y.  PUMPS 

Manufacturers  of  Efficient  Triplex  Tower  Pumps  for  general  water  supply,  muni-  I        HYDRAULIC 
cipal  water-works,  fire  protection,  hydraulic  elevators,  paper  and  pulp  mills,  boiler  feed  I        M  ACH  I N  ERV 
pumps,  chemical  pumps  and  air  compressors,  rotary,  centrifugal  and  well  pumps  and 
hand  pumps  of  every  kind. 


HOLYOKE  MACHINE  COMPANY 

HOLYOKE,  MASS.  WORCESTER,  MASS. 

Water  Wheels  with  Connections  and  Complete  Power  Transmission, 
Water  Wheel  Governors,  Gearing,  Wood  Pulp  and  Paper  Machinery, 
Pumps,  Hydraulic  Presses.     Special  Machinery  to  order. 


WATER 
WHEELS 


MORRIS  MACHINE  WORKS 

BALDWINSVILLE,  N.  Y. 
Manufacturers  of  Centrifugal  Pumping  Machinerj^  Vertical  and  Hori- 
zontal Engines  and  Marine  Engrines. 


CENTRIFUGAL 

PUMPING 

MACHINERY 

ENGINES 


WILLIAM  E.   QUIMBY,  INC. 

548-50  WEsr-23D  St.  NEW  YORK 

Have  a  shop  on  23d  Street,  New  York,  equipped  with  large  and  accurate 
tools  and  do  a  general  machine  business.  Also  manufacture  the  Quimby 
Screw  Pump  and  Quimby  Electric  Sump  Pump. 


Machinists 

PUMPS 
MANUFACTUNEfla 


POWER  TRANSMISSION 


THE   AMERICAN   PULLEY   CO. 

PHILADELPHIA,  PA. 

The  American  Pulley.  The  first  all  steel  parting  belt  pulley  made.  Now  sold  in 
larger  quantities  than  anyone  make  of  pulley.  No  key.  no  set  screw,  no  slip;  ligl.t, 
true  and  amply  strong  for  double  belts.    120  stocks  carried  in  the  United  States. 


ONEIDA  STEEL  PULLEY  CO. 

ONEIDA,  N.  Y.  CHICAGO,  ILL. 

The  largest  manufacturers  of  Pulleys  in  the  world.  Our  Steel  Pulleys 
range  from  6  to  126'  diameter,  3  to  40"  face,  and  fit  any  size  shaft  from  1 
to  SV.     Let  us  send  you  our  booklet  illustrating  all  styles. 


17-2  Fulton 

St 

THE  A. 

k  F. 

BROWN 

CO 

NEW  YORK 

Manufacturers  of  Shaft 
of  Power. 

ing,   Pi 

dleys, 

Hangers 

etc. 

for  Transmission 

PULLEYS 


PULLEYS 


SHAFTING 
PULLEYS 
HANGERS 
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POWER 

TRANSMISSION 

ELEVATORS 

CONVEYORS 


POWER  TRANSMISSION 


DODGE  MANUFACTURING  CO. 

MISHAWAKA,  IND. 

Manufacturers  of  everything  for  the  Mechanical  Transmission  of 
Power;  also  Elevating  and  Conveying  Machinery,  and  the  "Eureka" 
Water  Softener.      Send  for  general  catalog  C-10. 


POWER 
TRANSMISSION 


THE  HILL  CLUTCH  COMPANY 

CLEVELAND,  OHIO 
Manufacturers  of  a  complete  line  of  Power  Transmission  Machinery 
for  belt,  rope   or  gear   driving,  including  the  well   known    Hill    Friction 
Clutches  and  Hill  Collar  Oiling  Bearings. 


Pulleys — Paper 

Friction 
Transmission 


THE  ROCKWOOD  MANUFACTURING  CO. 

INDIANAPOLIS,  IND. 
Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority. 
You  will  find  our  booklets  regarding  Transmission  of  Power  by  Belts  and 
Friction  Transmission  desirable  additions  to  your  engineering  library. 


POWER 
TRANSMISSION 


T.   B.   WOOD'S  SONS  CO. 

CHAMBERSBURG,  PA. 
Modern  and  Approved    Appliances    for   the   transmission   of   Power. 
Shafting,  Couplings,  Collars,  Hangers,  Pulleys,  Belt  Tighteners,  Friction 
Clutches,  Rope  Driving  Equipments. 


HOISTING  AND  CONVEYING   MACHINERY 


CRANES 

STEAM 

HAMMERS 

PUNCHES 

AND 

SHEARS 


ALLIANCE  MACHINE  CO. 

ALLIANCE,  OHIO 
Makers  of  Alliance  Cranes  of  all  types;  also  Rolling  Mill  and  Hydraulic 
Machinery,  Steam  Hammers,  Punches  and  Shears,  Scale  Cars,  Copper-Con- 
verting Machinery,  etc. 


WIRE    ROPE 

Aerial  Wire  Rope 
TRAMWAYS 


BRODERICK  &  BASCOM  ROPE  COMPANY 

ST.   LOUIS,  MO. 

Manufacturers  of  Wire  Rope  for  over  a  quarter  of  a  century  and  of  the 
famous  Yellow  Strand  Wire  Rope,  the  most  powerful  rope  made. 

Special  system  of  Aerial  Wire  Rope  Tramways  for  conveying  material. 


HOISTING 
MACHINERY 


THE  BROWN  HOISTING  MACHINERY  CO. 


New  York 


CLEVELAND,  O.,  U.  S.  A. 


Pittsburg 


Designers  and  manufacturers  of  all  kinds  of  Hoistinf:  Machinery,  including  Loco- 
motive Cranes.  Electric  Travelers,  I-beam  Trolleys,  Crabs,  Winches,  etc.,  as  well  as 
heavy  Hoisting  Machinery  of  all  description.  Also  Ferroinclave  for  reinforced  con- 
crete roofing. 
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HOISTING  AND  CONVEYING  MACHINERY 


H.  W.  CALDWELL  &  SON  COMPANY 

NEW  YORK  CHICAGO 

Elevating,  Conveying  and  Power  Transmitting  Machinery.     Helicoid  & 

screw  conveyors,  machine  molded  gears,  pulleys,  fly-wheels,  rope  sheaves 

and  drives,  sprocket  wheels  &  chain,  buckets,  belting,  shafting  and  bearings. 


CONVEYORS 

ELEVATORS 

POWER 

TRANSMISSION 


CLYDE  IRON  WORKS 

DULUTH,  MINN. 
Hoisting  Engines  and  Derricks.     All  sizes  and  types  of  engines. 


HOISTING 
ENGINES 
AND 
DERRICKS 


THE  EASTERN  MACHINERY  COMPANY 

NEW  HAVEN,  CONN. 

Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Freight  Ele- 
vators, Hoisting  Machines,  Friction  Winding  Drums,  Friction  Clutches 
and  Friction  Clutch  Pulleys. 


ELEVATORS 

FRICTION 

CLUTCHES 

PULLEYS 


THE  B.  F.  GOODRICH  CO. 

AKRON,  OHIO 
Manufacturers  of  Goodrich  Conveyor  Belt.     The  Goodrich  "Longlife," 
"Economy"  and  "Grainbelt"  Conveyors  will  handle  more  tons  per  dollar 
of  cost  than  any  other  belt  made. 


CONVEYOR 
BELTS 


THE  .JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Builders  of  Elevating:.  Conveying  and  Mining  Machinery;  Coal  and  Ashes  Hand- 
ling Systems  for  Power  Plants;  Screens,  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples, 
Coal  Washeries,  ]  .oc-omotives.  Coal  Cutters,  Drills,  etc.  Complete  Coal  Mine  Equip- 
ments. 


ELEVATING 
CONVEYING 

MINING 
MACHINERY 


LIDGERWOOD  MFG.   CO. 

9ti  Liberty  St.  NEW  YORK 

Hoisting  Engines— steam  and  electric,   for  every  use  of  the  contractor,  miner, 

warehouseman,  railroads,  ship  owners,  etc.   Derricks,  Derrick  Irons  and  Derrick  Hoists, 

Cablew'ays  for  hoisting  and  conveying.  Marine  Transfer  for  coal  and  cargo  handling. 


HOISTING 
ENGINES 

CABLEWAYS 

MARINE 
TRANSFER 


LINK-BELT  COMPANY 

PHILADELPHIA  CHICAGO  INDIANAPOLIS 

Elevators  and  Conveyors  for   every  purpose;    all   accessories;    Power 
Transmission  Machinerj'^. 


ELEVATORS 

AND 
CONVEYORS 


MEAD-MORRISON  MANUFACTURING  COMPANY 

NEW  YORK  BOSTON  CHICAGO 

Coal-Handling  Machinery,  Hoisting  Engines,  complete  Discharging  and  Storage 
Plants,  Cable  Railways,  Marine  Elevators.  McCaslin  and  Harrison  Conveyors,  Steam, 
Electric,  Belt  and  Gasoline  Hoists,  Derrick  Swingers,  Grab  Buckets,  Steam  Boilers, 
Locomotive  Derricks,  Suspension  Cablevi^ays. 


ELEVATING 

AND 
CONVEYING 
MACHINERY 
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CRANES 


HOISTING  AND  CONVEYING  MACHINERY 


THE   ISIORGAN    ENGINEERING    CO. 

ALLIANCE,  OHIO 
Are  the  largest  builders  of  Electric  Traveling  Cranes  in  the  world.    We 
also   design  and  build  Steel  Plants  complete.  Hammers,  Presses,  Shears, 
Charging  Machines  and  all  kinds  of  Rolling  Mill  and  Special  Machinery. 


CRANES 
HOISTS 


NORTHERN  ENGINEERING  WORKS 

DETROIT,  MICH. 
We  make  Cranes  of  all  types  up  to   130  tons.     We  also  make  Grab 
Bucket  Cranes  and  Hoists  for  coal  storage  service.  Cupolas,  Coal  and  Ash 
Handling  Machinery,  Elevators  and  Foundry  Equipment. 


ELEVATORS 


THE 

H. 

J.  REEDY 

CO. 

CINCINNATI,  0. 

Manufacturers  of  all 

types  of  Passeng 

er  and 

Freight 

Ele- 

vators. 

ROBINS 

BELT 

CONVEYORS 


ROBINS     CONVEYING     BELT     COMPANY 

Thomas  Robins,  Pres.   C.  KKMBLEBAi,nwiN,Chief  Engr.,]3Park  Row,  N.Y. 

Tlie  Robins  Belt  Conveyor  vas  tlie  oiig-inal  and  is  today  tlie  standard  of  this  type 
of  conveyinfr  machinery.  It  is  successfully  and  economically  conveying  ore,  rock,  coal 
and  similar  materials  under  the  most  trying  conditions  of  service.  Correspondei.oe 
invited. 


WIRE   ROPE 


JOHN  A.  ROEBLINGS  SONS  COMPANY 

TRENTON,  N.  J. 
Manufacturers  of  Iron,  Steel   and    Copper  Wire    Rope,  and    Wire  of 
every  description. 


CRANES 
Controllers 


SHAW  ELECTRIC  CRANE  CO. 

MUSKEGON,  MICH. 

Electric  Travelers  for  all  purposes.     Gantries.     Wharf  Cranes.      Rail- 
road Wrecking  Cranes.     Electric  Motor  Controllers. 


ELEVATING 
CONVEYING 

Power 

Transmitting 

Machinery 


THE  WEBSTER  M'F'G  COMPANY 

(Successors  to  WEBSTER  M'F'G  CO.) 
TIFFIN,  OHIO.  Eastern  Branch:    88-00  Reade  St..  NEW  YORK 

Manufacturers  of  Elevating,  Conveying  and  I'ower  Transmitting  Machinery  for 
all  purposes.  Over  thirty  years'  experience  in  this  line  and  extensive  facilities  for 
manufacturing  give  us  large  advantages.  Belt  Conveyors  for  handling  cements,  ores, 
sand,  gravel,  etc.  Coal  and  Ash  Handling  Systems  for  power  plants  and  buildings. 
Chain  Belting.    Gearing. 


CHAIN 

BLOCKS 

ELECTRIC 

HOISTS 


THE   YALE   &   TOWNE   MFG.    CO. 

9  Murray  St.  NEW  YORK 

Makers  of  the  Triplex  Block  and  Electric  Hoists.  The  Triplex  Block 
is  made  in  14  sizes,  with  a  liftinjj;-  capacity  of  from  i  to  20  tons;  Electric 
Hoist  in  10  sizes,  |  to  Ifi  tons. 
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BLOWERS,  FANS.  DRYERS.  ETC. 


BLOWERS,   FANS,   DRYERS,   ETC. 


H.   &  F.   M.   ROOTS  CO. 

CONNERSVILLE,  IND. 


Positive  Pressure  Blowers  for  foundries.  High  Pressure  Blowers.  Blowers  for 
vacuum  cleaning,  for  laundries,  for  blacksmiths.  Positive  Rotary  Pumps,  Positive 
Pressure  Gas  Exhausters.     High  Pressure  Gas  Pumps.     Flexible  Couplings. 


BLOWERS 

GAS 
EXHAUSTERS 

PUMPS 


RUGGLES  COLES  ENGINEERING  CO. 

McCoRMicK    Bldg..  CHICAGO  Hudsox  Termixal,  NEW  YORK 

Dryers.      Direct  heat,  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of 
materials. 


DRYERS 


B.  F.   STURTEVANT  COMPANY 

HYDE  PARK,  MASS. 
We  make  equipment  to    force   or    exhaust  air  under    all  conditions. 
Largest  standard  line  of  "ready  to  deliver""  Fans  in  the  world  and  special 
work  done  where  necessary.     Consultinj^  representatives  in  or  near  your  city. 


FANS 

BLOWERS 

ECONOMIZERS 

ENGINES 


AIR   COMPRESSORS  AND  PNEUMATIC  TOOLS 


CHICAGO  PNEUMATIC  TOOL  CO. 

CHICAGO,  ILL. 
Manufacturers   of  Franklin  Air  Compressors   and   a  complete  line  of 
Pneumatic  Tools  and  Appliances. 


AIR 
Compressors 

PNEUMATIC 
TOOLS 


THOS. 

York  axd  23rd  St. 


H.  DALLETT  CO. 

PHILADELPHIA,  PA. 


_  Our  Compressors  are  exceptionally  massive  and  rigid  in  design;  have  liberal 
bearing  surfaces;  all  working  parts  are  readily  accessible;  have  special  intake  and  dis- 
charge valves.  Are  particularly  adapted  for  high-class  installations.  Write  for 
catalogue. 


AIR 
COMPRESSORS 


INGERSOLL-RAND 

11  Broadway 


COMPANY 

NEW  YORK 


Twenty  standard  Air  Compressor  types,  capacity  8  to  8000  cu.  ft.  per  minute: 
"Crown"  and  "Imperial"  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists, 
i  to  5  tons  capacity;  "Crown"  Sand  Rammers,  floor  and  bench  types. 


AIR 
COMPRESSORS 

TOOLS 

HOISTS    AND 

SAND 

RAMMERS 
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ELECTRICAL    APPARATUS 


ELECTRICAL  APPARATUS 


MOTORS 

AND 

GENERATORS 


ALT.TS-CHALMEllS  COMPANY 

MILWAUKEE,  WISCONSIN 

Builders  of  Electrical  Machinery  of  every  description;  Motors  and 
Generators  for  alternatinj^  and  direct  current;  Rotary  Converters,  Trans- 
formers, Switchboards. 


ELECTRIC 
DRIVE 


GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 
The  General  Electric  Company  has  ecjuipped  machines  of  all  kinds  with 
its  motors.     For  each  kind  of  machine  there  is  an  ecjuipment  of  motor  and 
controller  that  is  best. 


DYNAIVIOS 
MOTORS 

Transformers 
instrum  ents 


AYAGNER  ELECTRIC  MFG.   COMPANY 

ST.  LOUIS,  MO. 

Producers  of  tlie  coniinercially  successful  SiiiKlc-pliase  Motor.  Pioneers  in  Power 
and  Lighting  Transformers.  Builders  of  the  most  liber.ilb-  desiirned  and  rugged  poly- 
phase generators  and  motors  the  market  affords.  Maimfactuiers  of  the  most  compre- 
iiensive  line  of  switchboard  and  portable  instnnnents  ottered  to-day. 


ELECTRIC 

MOTOR 

DRIVE 


WESTINGHOUSE   ELECTRIC   &   MFG.   CO. 

PITTSBURG,  PA. 
Westing-house   Electric   Motor   Drive.      Pumps,  compressors,  hoists, 
machine  tools  and  every  class  of  apparatus  develop  their  highest  efficiency 
when  individually  driven  with  Westinghouse  Motors. 


FOUNDRY   EQUIPMENT 


SAND 
RAMMERS 

AIR  TOOLS 
AND   HOISTS 

COMPRESSORS 


INGERSOLL-RANl)    COMPANY 


11  Broadway 


NP:W  YORK 


"Crown"  Sand  Rammers,  floor  and  bench  types:  "Crown"  and  "Imperial"  Chipping 
Hammers;  "Imperial"  Air  Motor  Hoists,  J  to  5  tons  capacity;  Air  Compressors,  twenty 
types,  capacity  8  to  8000  cu.  ft.  per  minute. 


FOUNDRY 
EQUIPMENT 


J.   W.  PAXSON  CO. 

Pier  45  North  PHILADELPHIA,  PA. 

Manufacturers  and  engineers.  Complete  Foundry  Equipment.  Cupolas, 
Blowers,  Sand  Blast  Machinery,  Cranes,  Tramrail  Systems.  Foundry 
Buildings  designed,   Foundry  Sand,  etc. 
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FOUNDRY   EQUIPMENT 


AVHITING  FOUNDKY  EQUIPMENT  CO 

HARVEY,  ILL. 
Have  complete  equipment  and  Cranes  of  all  kinds  for  grey  iron,  steel 
and  malleable  Foundry  Plants.     Buildings  designed  and  furnished;  equip- 
ment installed  and  operated. 


FOUNDRY 

PLANT 

EQUIPMENT 


ENGINEERING  MISCELLANY 


BUILDERS  IRON  FOUNDRY 

PROVIDENCE,  R.  I. 

Engineers,  Founders  and  Machinists 
Castings  of  Unusual  Weight  and  Strength.     Large   and  Accurate 
Machine  Work.     Grinding  and  Polishing  Machines. 


CASTINGS 
MACHINE 

WORK 
GRINDING 
MACHINES 


DODGE,  DAY  k  ZIMMERMANN 

PHILADELPHIA 
Our  Engineering  Service   provides  for  the  planning,   construction  and 
equipment  of  buildings  to  meet  both  present  and  future  requirements  of 
industrial  plants.     See  page  advertisement  in  June  issue. 


INDUSTRIAL 
PLANTS 


HYATT  ROLLER  BEARING  COMPANY 

NEWARK,  NP:W  JERSEY 

The  steel  rollers  of  Hyatt  Bearings  are  flexible  spirals.  They  present 
a  continuous  line  of  contact  under  all  conditions  and  serve  as  oil  reservoirs 
and  oil  distributors.     Adapted  to  machinery  of  every  description. 


ROLLER 
BEARINGS 


STANDARD  ROLLER  BEARING  COMPANY 

50th  St.  and  Lancaster  Ave.  PHILADELPHIA, PA. 

Largest  manufacturers  in  the  world  of  Ball  and  Roller  Bearings  for  all 
purposes.     Steel,  Bronze  and  Brass  Balls. 


THE  UNITED  STEEL  COMPANY 

CANTON,  OHIO 

M.  Plates, 


VANADIUM  STEEL  i   t       4-      tji  rii  ^      ^- 

BASIC  O   H    STEEI    ^  Ingots,    Blooms,   Billets,    L 

SPECIAL  STEELS 


Bars, 


Sheet  Bars. 


BALL 

and 

ROLLER 

BEARINGS 


STEEL 


S.  A.   WOODS  MACHINE  CO. 

BOSTON 


CrilCAGO-NORFOLK 
NEW  ORLEANS-SEATTLE 

The  Planer  Specialists. 


Planers  for  Dressing  Lumber 
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PLANERS 


Shop  Management 

Papers  read  before 

The  A 

Lmerican  Society  of  Mechanical  Engineers 

from   1890  to   1909 

The  Society  has  a  limited  number  of  copies  of  papers  on  Shop 
Management  which  have  been  presented  before  it.  Orders  will  be 
filled  until  the  supply  is  exhausted. 

Vol.    No. 

23—928 

Bonus  System  of  Rewarding  Labor^  H.  L.  Gantt . . . 

Price 
List 

.20 

24—965 

Gift  Proposition  for  Paying  Workmen,  F.  Richards. 

20 

24-1002 
25-1012 
24-1001 

Graphical    Daily   Balance   in  Manufacture,  H.  L. 
Gantt 

.20 

.20 
.20 

Is    Anything    the    Matter  with  Piece    Work?     F. 
Richards 

Machine   Shop    Problem,  C.  Day 

18—711 

Method  of  Determining  Selling  Price,  H.  M.  Lane. . 

.20 

25-1011 

Modifying  System  of  Management,  H.  L.  Gantt. . . 

.10 

16—647 

Piece  Rate  System,  F.  W.  Taylor 

.30 

12—449 

Premium  Plan  of  Paying  for  Labor,  F.  A.  Halsey. . . . 

.20 

8—256 

Problem  in  Profit  Sharing,  Wm.  Kent 

.30 

24-1003 

Shop  Management,  F.  W.  Taylor 

.90 

25-1010 

Slide  Rules  for  the  Machine  Shop,  C.  G.  Barth 

.20 

30-1221 

Training  Workmen,  H.  L.  Gantt 

.20 

13.00  for  the 

Address 

set. 

$3.40 
York 

Members'  rates  are  half  the  list  price. 

Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New 
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CONDENSED 
CATALOGUES 


OF 


MECHANICAL 
EQUIPMENT 


SECTION  THREE 


Machine  Shop  Equipment 

Electrical  Equipment 

Heating, Ventilation,  Refrigeration 

Pumping  Machinery 

Mining  and  Metallurgical  Equipment 

Engineering  Miscellany 

THE  AMERICAN  SOCIETY  of 
MECHANICAL    ENGINEERS 


Pumpa 


THE  BUFFALO  STEAM  PUMP  CO. 

lUFFAlA),  X.  Y. 

Nt>\v  York.  ^•ittsb^I^f,^  riiihulclphia,  Hostoii.  St.  Lmiis,  (  liurlnlt,..  ( 'hic.-ij;.) 

Cincinnati,  Kansas  City.  Hinnin-rhani,  Ivos  Aiij^vlcs,  Di-iivcr 

STEAM,  POWER,  TURBINE  AND  CENTRIFUGAL  PUMPS 


Buffalo  Duplex  Boiler  Feed  Pump. 
We  make  steam  punijis  for  Boiler 
Feedinfi,  Water  Works,  Fire  Protec- 
tion, Tank  and  House  service,  Hy- 
draulic presses  and  general  ]Miniping 
service.     Get  catalog  227-1. 


Buffalo  Triplex  Power  Pump 
with  Motor  Drive. 
]>ultaIo  Triplex  Pumps  gi\e  ex- 
ceptionally fine  .service  for  main 
u.ses.      Ask  for  catalog  No.  229-1. 


Buffalo  Two-Stage  Turbine  Pump  for 
Direct  Connection 


We  also  make  3  and  4  stage 
pumps  for  extreme  high  pressure. 
Catalog  No.  231-1  gives  full  details. 


Buffalo  Double  Suction 

Centrifugal  Pump  Driven  by  Steam  Turbine. 

We   make  all   sizes  and  capacities  of  centrifugal   pumps. 
Cict  our  catalog  No.  230-1. 

Everj^  Buffalo  Pump  is  guaranteed  to  meet   the   requirements  for  which  it  is 
recommended.     Let  us  figure  on  vour  requirements. 
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Vacuum  Pumps 


THE  BISHOP  BABCOCK  BECKER  CO. 


CLEVELAND.   OHIO. 
THE  RELIABLE  VACUUM  PUMP. 


A  positive,  automatic  air-suction  pump  adaptable  to  steam  heating  sys- 
tems new  or  old. 

Made  in  two  types;  for  operation  by  city  water  pressure  (Fig.  1),  and  by 
electricity  (Fig.  3). 

The  efficiency  of  vacuum  heating  where  operating  in  connection  with 
the  Reliable  Vacuum  Pump,  approaches  closely  to  the  theoretical  limit, 

giving  even  circulation,  fuel,  econ- 
omy and  perfect  regulation. 
.  ..  ,.  . .  ^ .  The  immediate  removal  of  air 

I  y  *']        iilfl^l  from   radiators,    coils   and   pipes, 

'^  ^  •  '^     I/IH!  permits    the    steam    to    circulate 

with  great  freedom  throughout 
the  entire  heating  system,  pro- 
ducing immediate  heating  results. 
Air  binding  and  pounding  of  radi- 
ators are  absolutely  eliminated. 

The  condenser  with  which  all  Re- 
liable Vacuum  Pumps  are  equipped 
condenses  any  steam  escaping 
through  leaking  air  valves  which 
woukl  destroy  packings  if  drawn 
into  pump;  traps  all  drip  through 
the  air  lines,  automatically  dis- 
charging it  to  sewer  without  break- 
ing the  vacuum  in  the  system,  and  acts  as  a  filter,  making  it  absolutely 
impossible  for  foreign  particles  to  be  drawn  into  the  pump  which  would  pre- 
vent the  proper  seating  of  valves  and  injure  packings. 

Reliable  Vacuum  Pumps  are  economical  to  maintain  because  they  oper- 
ate only  when  there  is  air  to  be  removed  from  the  radiators;  when  the  proper 
degree  of  vacuum  is  attained  the  pump  automatically  shuts  off.  Water  or 
power  is  consumed  only  when  the  jiump  is  in  actual  operation. 


Fig.  1.     Reliable  Hydraulic  Vacuum  Pump. 


Wall    Radi9>t>on 


A.rL.o.  R.s.r'i 


Fig.  2.    Showing  Installation  of  Reliable  Hydraulic  Vacuum  Pump. 
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Vacuum  Pumps 


THE  BISHOP  BABCOCK  BECKER  CO. 

RELIABLE  HYDRAULIC  VACUUM  PUMP 
SPECIFICATIONS 


No. 

Diameter 
Motor 

Cylinder 
Inches 

101 
103 
104 
106 

2 

9 

2i 
31 

Diameter 

Sue.  Cyl. 

Inches 


2i 

3" 
4 


Height 
over  all 
Inches 


2S 
28 
42 


Weight 
Lbs. 


55 

70 

75 

100 


SIZES  TO  USE 
Tables  based  on  operation  of  system  under  a  7  inch  vacuum. 


No. 
Pump 

City 

Maximum 

No. 

Pump 

City 

Maximum 

■Water 

Radiation 

Water 

Radiation 

Pressiire 

Sq.  Ft. 

Pressure 

Sq.  Ft. 

101 

20 

700 

104 

40 

4200 

101 

40 

800 

106 

20 

6600 

103 

20 

2000 

106 

40 

9600 

103 

40 

3000 

2-106 

20 

14000 

104 

20 

2800 

2-106 

40 

20000 

Fig.  3.    Reliable  Eiectiic  Vacuum  Pump. 

Reliable  Electric  Vacuum  Pump  Specifications 

Capacity:    For  maximum  radiation  of  8000  sq.  ft. 

Diameter  Cylinders:  21  inches. 

Piston  Stroke:    3  ijches. 

Speed:     150  revolutions  per  minutR. 

Length:    17  inches. 

Width:     13  inches. 

Height:     16^  inches. 

Motors  furnished  for  either  direct  or  alternating  current. 

Direct  Current  Motor:     1-6  horsepower. 

Alternating  Current  Motor:     1-4  horsepower. 
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Pumps 


A.  S.  CAMERON  STEAM  PUMP  WORKS 

NEW  YORK,  N.  Y. 

DESIGNERS  AND  BUILDERS  OF  SIMPLEX  AND  COMPOUND  PISTON  AND  PLUNGER 
PUMPS  HORIZONTAL  AND  VERTICAL;  BOILER  FEED  PUMPS;  FIRE  PUMPS;  OIL 
LINE  PUMPS;  MINE  PUMPS;  STATION  PUMPS;  SINKING  PUMPS;  MARINE  PUMPS; 
PRESSURE  PUMPS;  AIR  PUMPS;  VACUUM  PUMPS;  SUCTION  AND  JET  CONDENSERS. 


0 


REGULAR  PATTERN  FOR  GENERAL  SERVICE. 

Simplicity — The    Cameron    has    leAver   working  jiarts  than 
lit  her  ])unnis. 

Durability  —  The  s  t  e  a  m 
mechanism  consists  of  four 
stout  pieces  only.  None  of 
these  i)arts  are  delicate, 
intricate  or  exposed  to 
hazard  or  possiljle  injury. 

When  under  fvdl  steam 
))ressure  the  suction  is 
lowered  or  lost,  the  Came- 
ron can  be  operated  at  full 
speed  with  less  damajje  or 
Sectional  View  of  Cameron  Regular  Pattern  Piston  Pump.  danger  of   the  piston  strik- 

ing the  cylinder  heads  than  any  other  pumps  on  the  market. 
No  Outside  Valve  Gear — The  steam  valve  movement  works  in  line  with 
the  piston  rod  without  the  intervention  of  arms  or  levers.  There  are 
no  rods  to  become  bent,  broken  or  get  out  of  alignment,  no  tappet  bars, 
rollers  or  clamps  to  adjust.  Therefore,  the  Cameron  can  be  run  at  a 
higher  speed  than  other  pumps  with  less  danger,  yet  increased  capacity. 
Stroke — A   C*ameron    Pump    will    not    reverse   until    it    has   completed   its 

full  stroke. 
Wear — Every  Cameron  Pump  is  packed  to  compensate  for  wear. 
Maintenance  and  Repairs — The  Cameron  will  give  the  maximum  of  capacity 
and  ser\'ice  with  the  minimum  cost  of  maintenance  and  repairs. 

DIMENSIONS    AND    CAPACITY    OF    CAMERON    REGULAR    PATTERN 
PISTON   PUMPS   FOR   GENERAL   SERVICE 
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Pumping  Engines 


COCKBURN  COMPANY 

Works;  I.'th,  13th  and  MONMOUTH  STREET,  JERSEY  CITY,  N.  J. 

Office;   1'26  LIBERTY  STREET,  NEW  ^'OHK 

HIGH    DUTY    PUMPING    ENGINES 


THE  GROSHON  HORIZONTAL  HIGH-DUTY  PUMPING  ENGINES. 

The  steam  cylinder  and  valve  gear  are  of  the  Corliss  principle  and  can  be 
arranged  as  a  three  cylinder  compound,  or  triple  expansion  type,  as  may 
be  best  suited  for  existing  conditions. 

Each  engine  operates  a  single-acting  water  plunger.  The  connecting 
frames  between  the  steam  and  water  cylinders  are  of  the  girder  type.  The 
three  cranks  are  spaced  120  degrees  apart.  The  crank-shaft  bearings  are 
secured  to  the  engine  frame. 

The  strain  on  the  distance  rods  is  wholly  tensile  under  load,  which 
feature  permits  the  engine  to  run  at  high  speed  without  vibration  of 
moving  parts. 

A  condensing  engine  of  this  type  will  give  a  duty  of  110  millions  and 
above,  depending  on  size  and  conditions. 

A  non-condensing  engine  will  give  an  economy  of  from  fi.5  to  85  millions; 
the  range  of  duty  is  dependent  on  conditions  such  as  steam  pressure,  etc. 

When  asking  estimates,  give  steam  pressure,  water  pressure,  whether 
condensing  or  non-condensing,  suction  lift,  and  available  space. 

GROSHON  COMPOUND  DUPLEX  HIGH-DUTY  PUMPING  ENGINE. 

The  Groshon  Compound  Duplex  Direct  Acting  High-Duty  Pumps  are 
intended  to  meet  the  demand  for  an  engine  of  one  or  two  million  gallons 
capacity,  under  moderate  head,  where  low  first  cost  and  simplicity  and 
fair  economy  is  desirable. 

The  cost  is  not  more  than  30  per  cent,  over  that  of  the  ordinary  Duplex 
Compound  Trade  Pump,  and  we  guarantee  to  perform  the  same  work  with 
one-half  the  coal  consumption. 

GROSHON  VERTICAL  TRIPLE-EXPANSION  PUMPING  ENGINES. 

This  machine  is  of  the  self  contained  type,  the  frames  supporting  the 
steam  cylinders  are  of  box  form,  and  the  frames  or  columns  of  each  engine 
are  securely  tied  together  with  substantial  arch  pieces  or  struts,  which 
make  the  cylinder  supports  rigid  and  prevent  vibrating  of  the  engine. 
Following  the  self-contained  idea,  the  engine  bed  pieces  are  supported  on 
the  pump  chambers. 

Estimates  and  preliminary  drawings  submitted  on  request. 
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Pumps! 


M.  T.  DAVIDSON  COMPANY 

4S-5.S  KEAP  STREET,  BROOKLYN,  N-  Y- 


154  Nassau  Strkkt,  Ni;w  York. 
30  Oi.iVKu  Strkkt.  Boston. 


Keai,  Est.\te  Trust  Bldg.,  Philadelphia,   I'a. 
•17  Bi:vi;rly  Strkkt,   Rochkstkr,  N.   Y. 


DIRECT  ACTING  PUMPS  AND  PUMPING  MACHINERY  FOR  ALL  SERVICES;  BOILER 
FEED;  WATER  SERVICE:  TANK  SUPPLY;  HYDRAULIC  ELEVATOR  PUMPS; 
AUTOMATIC  RETURN  PUMPS;  VACUUM  PUMPS;  AIR  PUMPS  AND  CONDENSERS 
ETC.     ETC. 


l):i\i<ls(iii  pumps  are  inaiiufact  uhmI  under  the  .strictest  .supervision,  in 
accordance  with  an  experience  of  thirty-live  years,  to  assure  the  economical 
results  in  operation,  maintenance  and  durability,  which  are  recognized 
"David.son"  qualities.  The  highest  class  material  and  best  workmanship 
are  used  to  produce  "the  best  pump  built." 

t  BOILER  FEED  OR 

PRESSURE  PUMPS. 


FOR        SUPPLYING        WATER 
UNDER  HEAVY   PRESSURES. 


Built  in  regular  sizes 
for  150  or  2.50  pounds 
ji  r  e  s  s  u  r  e.  Fitted  for 
])umping  hot  water  or  for 
f)ther  special  conditions. 
Water  cylinders  lined  and 
fitted  with  ca.st  composi- 
tion. All  pumps  carefully 
tested  before  shipment. 
Send     for     general     cata- 


AIR    PUMPS    AND    JET 
CONDENSERS. 

All  sizes  up  to  highest 
ma.\i  mum  requirements. 
Air  cylinders  lined  with 
cast  compo.sition.  Con- 
densers fitted  with  spray 
pipes  a  n  d  automatic 
Aacuum  breaking  attach- 
ments. All  pumps  care- 
fully tested  before  ship- 
uient.  Send  for  general 
catalogue. 
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Pumps 


M.  T.  DAVIDSON  COMPANY 

COMPOUND  PUMPS  FOR  ELEVATOR  SERVICE. 

Po.siti\ely  automatic 
under  regulator  control, 
starting  promptly  under 
full  load  with  practically 
no  loss  of  w  a  t  e  r 
pressure.  Economy  of 
operation  practically 

equivalent  to  the  most 
expensive  type  of  fl\-- 
wheel  pumps  and  much 
less  in  maintenance  and 
repairs.  Highest  class 
references  can  be  fur- 
nished. All  pumps  care- 
fully tested  before  ship- 
ment.    Send  for  general    catalogue. 

AUTOMATIC  PUMP  AND  RECEIVER 

Positive  acting  apparatus  for  tak- 
ing water  from  separators  on  main 
steam  lines  and  from  coils,  steam 
pipes,  etc.,  and  automatically  pump- 
ing same  back  to  the  boiler,  or  else- 
where as  may  be  required.  Used 
under  the  most  severe  conditions  of 
service  in  connection  with  drijjs 
from  high  pressure  steam  lines  as 
well  as  ordinary  returns.  Water 
cylinders  lined  and  fitted  with  cast 
composition.  All  pumps  carefully  tested  before  shipment.  Send  for 
general  catalogue. 


The  Davidson  Steam  Pump  is  of  the  single  cylinder  type,  is  durable, 
simple  in  construction  and  economical  in  the  use  of  steam.  It  will  start 
from  any  point  of  the  stroke  and  make  its  full  stroke  under  all  conditions, 
will  pump  any  fluid,  giving  a  steady  and  uniform  delivery  under  light 
or  heavy  pressures,  slow  or  high  speeds.  All  pumps  built  b}'  us  fully 
guaranteed. 
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THE  GOULDS  MANUFACTURING  CO. 

SENECA   FALLS,   NEW  YORK 

TRIPLEX  AND  CENTRIFUGAL  POWER  PUMPS,  HAND  PUMPS,  ELECTRICAL  AND 
MECHANICAL  ACCESSORIES 


Figure  1521 

Triplex  Plunger  Pump  for  Pipe  Line  Service, 

and  Other  High  Pressure  Duties 

Goulds  Pumps  have  won  the  confidence  of  discriminating  engineers,  and  are 
making  unparalleled  records  for  efficiency  and  reliability  in  thousands  of  large 
plants,  mines  and  power  stations  in  every  part  of  the  world. 

In  their  construction  only  the  best  materials  are  used.  This  combined  with 
skilled  workmanship,  under  the  supervision  of  expert  designers  and  engineers 
who  have  made  the  pump  problem  a  matter  of  life  study  and  practice,  has 
given  Goulds  products  the  envious  position  they  now  hold  in  both  American 
and  Foreign  markets. 

We  issue  catalogues  and  bulletins  covering  our  complete  line  of  hand  and 
power  pumps  for  every  service,  copies  of  which  will  be  gladly  sent  on  request. 
Our  engineering  department  will  also  be  pleased  to  assist  in  any  problems  you 
may  have  along  these  lines. 

Your  correspondence  is  solicited  in  relation  to  all  pumping  problems. 


The  name  GOULDS 
stands  for  strength,  dura- 
bility and  efficiency  in 
Pumps  for  Every  Service. 


Form  A  Drive 


Form  C  Drive 
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THE  GOULDS  MANUFACTURING  CO. 

EFFICIENT  TRIPLEX  AND  CENTRIFUGAL  POWER  PUMPS 
FOR  EVERY  SERVICE 


Figure  1364 


Whatever  j'our  require- 
ments may  be  we  can  fur- 
nish a  pump  to  meet  them 


Boiler  Feeding 

Elevator  Service 

Circulating 

Semi  Fluid 

Drainage 

Irrigation 

Air  Pressure 

Fire  Service 

Chemicals 

General  Water  Supply 

Mines 

Pulp  Grinders 

Railway  Water  Stations 

Tank  Pumping 

Bleacheries 

Dye  Houses 

Tanneries 

Refineries 

Oil  Pipe  Lines 

Hydraulic  Presses 

Condenser  Service 

Sprinkler  Systems 

Filter  Presses 

Cyanide  Pumping 

Soap,  Tar,  Sewage 


Figure  997— 4ix8,  No.  D. 


Put  your  pumping  prob- 
lems up  to  us 


Figure  3001,  No.  6 
Single  Stage,  Double  Suction  Centrifugal  Pump 


Pumps 


THE  DEMING  COMPANY 

SALEM,  OHIO,  U.  S.  A. 

New  Yokk  Office  and  Stock  :  152  Chambers  Street 

SINGLE    AND   DOUBLE   ACTING    TRIPLEX    PUMPS;        ARTESIAN  WELL   PUMPS, 

FOR  OPERATION  BY  ELECTRIC  MOIORS,  GAS  OR  GASOLINE  ENGINES,    OR  BELT 


FROM  SHAFT. 


Fig.  50,  Size  7  x  8  to  8'  ■  x  8.  Fig.  50,  Size  5'  -  x  8  with  Tj'pe  ' 

FIG.  50,  STANDARD  SIZES,  CAPACITIES,  ETC. 


'  Drive. 


PLUxr;ERS 

C 

OPACITY 

Maximum 
Working 

Diam.  of  Pipes 

Usual 

Gear 

Tight  and 
Loose 
Pulleys 

Diam. 

Strok 

Gallons 

Revs. 

Gallons 

Pressure 

Suction 

Dischg. 

Ratio 

Inches 

In. 

per  Rev. 

per 

per  JSIin. 

Pounds 

Inches 

Inches 

Min. 

o 

2 

.081 

70 

5 .  67 

150 

Vi 

1 

5  to  1 

8x2 

2'4 

2 

.127 

70 

8.89 

1.50 

V^. 

1 

5  to  1 

10x2 

2^2 

3 

.19 

60 

11  .4 

1.50 

2 

11.^ 

5  to  1 

12  X  3 

3 

3 

.27 

60 

16.2 

150 

2 

!'■; 

5  to  1 

14x3 

8' .; 

3 

.37 

60 

oo 

1.50 

2 

11.. 

5  to  1 

16x3 

3' 2 

4 

..")() 

60 

30. 

150 

21.; 

o 

5  to  1 

16x4 

4 

4 

.(i5 

60 

39. 

150 

■>  1  .^, 

2 

5  to  1 

18x4 

4 

ti 

.98 

60 

59. 

160 

214 

2 

5  to  1 

20x5 

4'.; 

e 

1.24 

60 

7-t. 

150 

3 

21.^ 

5  to  1 

20x5 

o 

() 

1.53 

60 

9.. 

150 

3 

2^A 

5  to  1 

24x5 

o}-> 

8 

2.46 

tiO 

147. 

1.50 

4 

3 

5  to  1 

28x6 

6 

8 

2.94 

.■).'> 

161. 

140 

4 

3 

5  to  1 

30x6 

i 

8 

4.00 

or> 

220. 

150 

o 

4 

5  to  1 

.30x8 

S 

8 

.5.22 

.•.).3 

287. 

1.50 

5 

4 

5  to  1 

36x8 

81  ■> 

8 

5.90 

O.) 

324. 

140 

6 

o 

5  to  1 

36x8 

9 

10 

8.26 

50 

413. 

160 

8 

6 

5  to  1 

42  X  10 

10 

10 

10.20 

45 

459. 

1.50 

8 

6 

5  to  1 

42x12 

12 

12 

17.62 

42 

740. 

1.50 

10 

8 

5  to  1 

48  X  16 

]:i 

14 

24.10 

40 

964. 

140 

12 

10 

5  to  1 

48x20 

FIG 

.  62,  CAPACITIES. 

Capacity 

tMax. 

Diani.  and 

Depth  of 

.Stroke  of 

Usual  Revs. 

Gallons 

Well, 

Cylinder 

per  Min. 

per  Min. 

Feet 

2-^i  X  10 

40 

10.2 

300 

2^4'  X  16 

35 

14.3 

300 

•J^^  X  24 

28 

17.2 

350 

3''.(  X  10 

40 

19.1 

175 

■.',^i  X  16 

35 

26.7 

175 

■A^4  X  24 

28 

32.1 

190 

4'4  X  10 

40 

24.5 

1.30 

4M  X  16 

35 

42.9 

100 

4Mx24 

28 

51.5 

120 

5M  X  16 

35 

62.9 

70 

5Hx24: 

28 

75.4 

SO 

6M  X  24 

28 

104.0 

60 

7-M  X  24 

28 

137.2 

45 

Fig.  324 
Artesian 

Well 
Cylinder 


T  Refers  to  a  vertical  distance  from  sur-  ,.«    <„  • 

face  of  water  to  point  of  delivery.  *>&■  62,  10-inch  Stroke. 

Larfjer  sizes  and  capacities.      Complete  data  upon  application. 
Complete  192-page  Power  Pump  Catalog  mailed  on  request. 
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Turbines 


J.  h  W.  JOLLY 

HOLYOKE,  MASS.,  U.  S.  A. 

HORIZONTAL  AND  VERTICAL  TURBINES. 


McCormick  Cylinder  Gate  Turbines,  Horizontal  Type, 
in  Steel  Flume 


The  talile  below  gives  the  rated  power  of  tur- 
bines of  different  sizes  for  various  heads.  In 
tests,  the  power  is  usually  found  to  exceed  this 
estimate. 

To  meet  the  demand  for  direct  coi'nectiou  to 
elecrric  generators  we  have  designed  a  number 

of  special  wheels  of  high  speed  and  power,  and  are  jjrepared  to  meet 
special  requirements  for  modern  electric  plants  where  high  speed  and 
power  combined  with  economy  of  space  are  matters  of  vital  importance. 


McCormick  Vertical 
Turbines. 


TABLE  OF  SPEEDS,  WATER  DISCHARGED,  AND  HORSE  POWER 
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4.3 
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34.4 

12 

223 
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2,7 

315 

502 

7.6 

445 

710 

21.5 

630 

1004 

60.7 

1.5 

19t) 

627 

4.7 

277 

887 

13.4 

392 

1254 

.37.9 

55.5 

1774 

107.2 

18 

144 

828 

6.3 

203 

1172 

17.7 

288 

1657 

50.1 

707 

2343 

141.6 

21 

137 

1172 

8.9 

194 

1657 

25.0 

274 

2343 

70.8 

387 

3314 

200.3 

24 

113 

1547 

11.7 

160 

2188 

33.1 

226 

3095 

93.5 

320 

4376 

264 . 5 

27 

106 

1960 

14.8 

149 

2771 

41.9 

211 

3919 

118.4 

299 

5542 

335.0 

30 

93 

2361 

17.8 

161 

4089 

92.7 

186 

4721 

142.7 

263 

6677 

403.6 

.33 

81 

2626 

19.8 

114 

3713 

56.1 

162 

5252 

1.58.7 

229 

7427 

448.9 

36 

79 

3316 

25.1 

112 

4689 

70.9 

1.58 

6632 

200.4 

224 

9378 
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69 
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29.4 

98 
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83.3 
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42 

67 
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36.2 

95 

6768 
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289.3 

190 
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818.1 
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61 
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87 
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108.9 

122 

10192 

301. 

173 

14413 
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48 

55 

5749 

43.4 

78 

81.30 

122.9 

110 

11498 

347.5 

156 

16261 

982.8 

51 

56 

6545 

49.5 

79 

9257 

139.9 

111 

13091 

.375.6 

157 

18513 

1119. 

54 

51 

73.38 

55.4 

72 

10378 

156.8 

102 

14676 

443.5 

144 

20755 

1254.5 

57 

.50 

8646 

65.3 

70 

12228 

184.8 

100 

17293 

.522.6 

141 

24456 

1478.2 

80 

46 

9059 

68.4 

65 

12812 

193.6 

92 

18119 

547.6 

1.30 

25624 

1.548.7 

66 

42 

10962 

82.8 

59 

1.5.502 

234.2 

83 

21924 

662.6 

118 

31005 

1874. 

Pumping  Machinery 


MORRIS  MACHINE  WORKS 

BALDWIXSVILLE,  N.  Y. 

CENTRIFUGAL   PUMPING    MACHINERY.   STATIONARY   AND    MARINE    ENGINES    AND 
HYDRAULIC   DREDGES. 


Morris  Centrifugal  Pumps  are  simple  in  con- 
struction: they  have  only  rotary  parts,  perfectly 
balanced,  no  reciprocating  parts  or  valves; 
require  small  space  and  foundation;  have  high 
efficiency;  are  equally  suitable  for  small  up  to 
Acry  large  capacities,  and  can  handle  sand  or 
solids  with  the  water  without  injury.  These 
pumps  direct  connected  to  reciprocating  engines 
lire  suitable  for  moderate  heads,  or  direct  con- 
nected to  electric  motor  or  steam  turbine  (or  belt 
driven)  for  high  heads.  For  heads  above  about 
100  feet,  ]>umps  are  built  in  stages. 


\\  licii  making  intjuiries  for  pumps, 
fu  !  information  should  be  given — 
that  is,  quantity  desired,  head,  in- 
cluding friction  (or  give  actual  ele- 
vation and  length  of  suction  and 
disciharge  piping),  type  of  pump 
desired,  how  driven — whether  belt, 
steam  engine,  electric  motor  (give 
electrio  current  characteristics),  ar- 
rangement of  suction  and  discharge 
openings  desired,  whether  right  hand 
or  left  hand,  etc. 


MORRIS  IMPROVED  STANDARD  IRON  HORIZONTAL  PUMP. 


No. 
Pump 
(Diam- 
eter 
Dis- 
charge 
Open- 
ing) 

Size  Pipe 

Eco- 
nomical 

Horse- 
Power 
Required 
Pulley, 
Foot 
Head 

Diameter 

and 
Face  of 
pulley 

Floor 
Space 

Shipping 

Shipping 

Flange 

on 
Sucton, 

Capacity, 
for  each 
Gallons 

Require<l 

in 

Inches, 

Weight 
Without 
Primer. 

Weight 

With 

Primer. 

No. 
Pump 

Inches 

per 
Minute 

Inche.s 

Without 
Primer 

Lbs. 

Lb^ 

I  '  ^ 

2 

70 

.058 

6x    6 

17  x    31 

175 

220 

IVi 

1:M 

2 

90 

.075 

7x8 

21  x    32 

•       260 

.305 

IH 

2 

3 

120 

.10 

8x    8 

23  x    37 

350 

415 

2 

2H 

3 

180 

.15 

8x    8 

24  X    38 

360 

430 

2H 

3 

4 

260 

.22 

8x    8 

25  x    39 

415 

495 

3 

4 

5 

470 

.30 

10  X  10 

29  x    41 

615 

720 

4 

.5 

6 

735 

.45 

12  X  12 

.34  X    54 

940 

1075 

5 

6 

8 

1050 

.59 

15  X  12 

37  X    55 

1180 

1.345 

6 

8 

10 

2000 

1.00 

20  X  12 

45  x    64 

2065 

2430 

8 

10 

12 

.3()()() 

1.52 

24  X  12 

51  X    69 

2610 

2940 

10 

12 

15 

4200 

2.00 

30  X  14 

63  x    71 

3615 

12 

15 

18 

7000 

3.50 

40  X  15 

77  X    80 

7100 

15 

15 

18 

7000 

3.50 

30  X  15 

60  X    68 

3150 

15 

18 

20 

1(11)00 

4.50 

40  X  16 

93  X  103 

9000 

18 

18 

20 

10000 

4.50 

30  X  16 

66  X    72 

4835 

18 

20 

22 

12000 

5.40 

36  X  20 

73  X    83 

6800 

20 

22 

24 

13000 

5 .  50 

48x20 

126  X  130 

22 

24 

24 

15000 

6.50 

48x36 

94  X  137 

24 
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Dredging  Pumps 


MORRIS  MACHINE  WORKS 


We  build  CENTRIFUGAL  PUMPS  for  almost  any  service  and  of  all 
types,  including  side  suction  and  double  suction,  vertical  or  horizontal 
shaft.  STAGE  PUMPS  for  high  heads.  TWIN  PUMPS  for  large  capacities 
and  high  speeds.  Or  will  design  SPECIAL  PUMPS  to  suit  special  con- 
ditions. We  also  build  a  very  complete  line  of  STATIONARY  AND 
MARINE  ENGINES,  in  single  cylinder,  compound  and  triple  expansion 
types. 

DREDGING  PUMPS. 

MORRIS  Dredging  Pumps  are  made  in  sizes  from  2"  discharge  and 
upward,  both  lined  and  unlined.  They  are  belt  driven  or  direct  connected 
to  steam  engines.  We  can  furnish  pumps  only  or  the  complete  dredge 
including  all  machinery. 


20"  HYDRAULIC  DREDGE  with  750  H.P.  MORRIS  Triple  Expansion  Engine,  Water  Tube 
Boilers,  Cutter  Machinery.  This  Size  Dredge  Has  an  Average  Capacity  of  250,000  Cubic 
Yards  of  Material  per  Month. 
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Pu?)i])mg  Machinery 


K.  D.  WOOD  6c  COMPANY 

PHILADKLPHIA,    FA. 

ENGINEERS,  IRON  FOUNDERS  AND  MACfflNISTS;  PUMPING  ENGINES,  CE>-- 
TRIFUGAL  PUMPS,  HiTDRAULIC  MACHINERY,  GAS  HOLDERS  AND  APPLIANCES, 
GENERAL  MACHINERY,  CAST  IRON  PIPE,  HYDRANTS  AND  VALVES,  GAS  PRO- 
DUCERS, GAS  WASHERS 


PUMPING   ENGINES 


Vertical  Triple  Expansion,  and  Direct  Acting  for  Water  Works,  Sewage, 
Irrigation  and  for  high  pressures.  High  duty  pumping  engines  of  both  the 
crank  and  fly  wheel  and  direct -acting  types.  Designed  to  combine  highest 
economic  duty  and  efficiency  with  greatest  reliability  and  utmost  simplicity. 

Estimates  and  drawings  (either  exact  or  preliminary)  furnished  upon 
application,  with  statement  of  requirements  to  be  fulfilled. 

CENTRIFUGAL   PUMPS 

Of  most  modern  design  and  highest  efficiency,  for  Water  Works,  High 
Pressure  Systems,  Irrigation  and  general  service. 
Following  is  the  classification  of  our  Standard  Pumps: 

SERVICE 

Class  C.  Compound  Multi-stage  Pumjis  for  High  Heads. 

Class  H.  High  Lift  Pumps,  Single  Stage,  40  feet  and  upwards. 

Class  M.  Medium  Lift  Pumps,  Single  Stage,  20  to  40  ft. 

Class  L.  Low  Lift  Pumps,  Single  Stage,  0  to  20  feet. 

Class  D.  Dredging  Pumps,  Single  Stage,  0  to  60  feet. 

Class  T.  Pulp  Pumps,  Single  Stage,  0  to  40  feet. 

Class  Q.  Sjiecial  Pumps,  Single  Stage,  in  connection  with  above. 


CAST   IRON   PIPE 

Bell  and  Spigot  Pipe  from  1  inch 
to  84  inches  in  diameter,  Flange 
Special  deep  bell.  High  Pressure, 
Flexible  joint  for  submarine  work, 
and  every  form  of  pipe  and  special 
casting,  as  well  as  heavy  Loam 
Castings. 


•      HYDRAULIC   MACHINERY 

Hydraulic  Presses  of  every  description  for  the  heaviest  work.  Punches, 
Shears,  Riveters,  Intensifiers,  Hoists,  Pressure  Pumps,  Cranes,  Valves,  etc. 
etc.  For  the  majority  of  operations  to  which  hydraulic  power  can  be 
applied,  and  especially  those  requiring  very  great  force  exerted  through  a 
comparatively  short  stroke,  as  in  riveting,  punching,  shearing,  lifting, 
forging  and  flanging,  there  is  no  other  system  at  all  comj)arable  with  it  for 
efficiency,  vmiformity,  simplicity  or  economy.  This  is  true  for  several 
reasons;  j)rimarily  in  that  there  is  absolutely  no  motion  or  power  consumed 
except  in  the  act  and  at  the  moment  of  performing  the  desired  operation. 
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Producer  Gas  Plants f  etc. 


R.  D.  WOOD  c\  COMPANY 


HYDRANTS   AND   VALVES 

Fire  Hvdrants,  Mathews  patents  for  standard  and  high  pressure.  Gate, 
Check.  Foot  and  Air  Valves,  Valve  Boxes,  Indicator  Posts,  Foot  Valve  and 
Intake  screens,  Hook  Racks,  etc. 

PRODUCER   GAS   PLANTS 

We  have  had  years  of  experience 
in  the  building  of  producers  for 
all  kinds  of  fuel  purposes  as  well 
as  for  power,  and  our  customers 
may  be  certain  of  securing  appara- 
tus suitable  to  their  requirements 
both  from  an  economic  and  oper- 
ating standpoint. 

Our  engineering  department  is 
at  your  service,  and  we  would  be 
pleased  to  have  our  representative 
visit  vour  plant  and  give  full  de- 
tails. ' 


GAS  HOLDERS  AND  APPLIANCES 

Gas  holders  of  largest  dimensions  and  all  machinery  and  appliances 
relating  to  gas  works. 

SINGLE   OR  MULTIPLE  LIFT   GAS  HOLDERS 

With  or  without  steel  tanks. 

MITCHELL   SCRUBBER 

Matton  &  Mitchell  Self-Sealing  Mouthpieces,  Purifiers,  Condensers, 
Scrubbers,  Bench  Work,  Center  Seals,  Gas  Valves,  Lamp  Posts,  etc. 

GAS  WASHERS 

We  control  for  the  United  States  the  Theisen  Gas  W^ashing  Process,  which 
we  build  for  producer  and  blast  furnace  gas.  This  Process  was  adopted 
by  the  United  States  Steel  Company  at  Gary,  and  is  being  put  in  with  all 
their  new  construction.  It  delivers  the  gas  to  an  engine  cleaner  than  the 
air  in  the  mixture. 

GENERAL  MACHINERY 

Our  shops  are  well  equipped  for  building  large  machinery  of  every  de- 
scription, such  as  sugar,  chemical  and  similar  work. 

INQUIRIES 

For  Pipe  should  state  size,  kind,  approximate  quantity  and  weight  or 
pressure  under  which  they  will  be  used;  and  if  possible  the  intended  service, 
also  delivery  desired. 
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Pumping  Machinery 


WILSON-SNYDER  MFG.   CO. 

Geueral  Offic-c  &  Works: 
PITTSBURG,  PA. 

Kcprosontiitivcs  : 
S.  15.  WliiiuTV,    Xcw  York.  N.  V.  J.  I.  Hlouiit  .fe  Co.,  Birmingham,  Ala. 

PUMPING   MACHINERY   OF  ALL  SIZES  AND  TYPES;        HEAVY,   LONG  STROKE 
LIBERALLY  PROPORTIONED  FOR  SEVERE  SERVICE. 


We  have  l)een  huildiiif;  juiinps  for  thirt y-ii\e  years  and  in  that  time 
have  confined  our  attention  almost  exclusively  to  steel  plants  where 
absolute  dependability  is  essential. 

The  first  compound  piimp  for  general  service  built  by  us  is  still  in  daily- 
service  at  a  blast  furnace  in  Pittsburg  and  is  twenty-seven  years  old. 


TRIPLE  EXPANSION,   DUPLEX  PLUNGER  PUMP  for  General  Service. 

Our  installation  of  Hydraulic  Pumps  work  against  as  high  as  7000  lbs. 
per  square  inch,  and  they  are  in  service  in  practically  every  steel  plant 
east  of  the  Mississippi,  because  they  have  been  found  to  be  absolutely 
dependable. 


COMPOUND,  DUPLEX,   HYDRAULIC  PUMP  for  Mill  Service. 
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Venturi  Meter 


BUILDERS   IRON   FOUNDRY 

PKOVIDKXCK,   R.   I. 

VENTURI    METERS   FOR  COLD  WATER,    HOT   WATER,  BRINE,    CHEMICAL  SOLU- 
TIONS, SEWAGE,   STEAM,  GAS  AND  AIR;   GLOBE  SPECIAL  CASTINGS   FOR 
WATER  WORKS;  GRINDING  MACHINERY;  POLISHING  MACHINERY. 


A  complete  VENTURI  METER  consists  of  a  A'eutiiri 
Meter  Tube  and  a  Register  or  other  instrument. 

The   METER   TUBE  is  set  directly  in  the  pipe  line. 

The  REGISTER  may  be  set  at  a  considerable  distance 
Irom  the  Meter  Tube  to  which  it  is  connected  by  two  small 
jiipes  transmitting  pressure  only. 

The  usual  SIZES  for  cold  water  range  from  6"  to  72"  diam- 
eter (of  pipe).  Several  meters  210"  diameter  have  been  fur- 
nished. The  usual  sizes  for  hot  water  range  from  2"  to  12" 
diameter. 

The  Type  M  REGISTER -INDICATOR -RECORDER 
has  three  dials  and  gives  three  distinct  kinds  of  infor- 
mation. 

A  VENTURI  METER  in  the  discharge  main  from  any 
kind  of  a  Pump  is  the  best  possible  check  upon  its  performance. 

With  CENTRIFUGAL  PUMPS  it  shows  whether  the  makers  guarantee 
has  been  met  and  whether  there  is  subsequently  any  falling  off  or  improve- 
ment. It  enables  tests  to  be  made  at  any  time  to  determine  the  most 
efficient  combination  of  speed  and  head.  It  shows  whether  the  impeller 
becomes  worn  or  partially  clogged  with  debris. 

With  RECIPROCATING  PUMPING  ENGINES  it  is  an  unquestioned 
arbiter  during  the  official  acceptance  duty  test.  It  shows  the  exact  per- 
centage of  "slip"  and  indicates  when  the  rubber  pump  valves  should  be 
renewed.     It  shows  whether  "short-stroking"  of  piston  travel  is  excessive. 

With  BOILER  FEED  PUMPS  it  enables  the  engineer  to  determine  the 
"evaporation,"  (pounds  of  water  per  pound  of  coal).  It  can  accurateh- 
measure  extremeh^  hot  water  as  there  is  nothing  to  wear  out  or  get  out  of 
order.  BULLETINS  NOS.  68  and  102  .sent  on  request. 


2_NCH  VENTURI   METER  TUBE 
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Air  Compressors 


BURY  COMPRESSOR  CO. 

KUIE,   PA.,   U.  S.  A. 

AIR  AND  GAS  COMPRESSORS,  VACUUM  PUMPS 

ALL  TYPES  FOR  ALL  USES  ALL  SIZES 

AND  TO  MEET  ANY  ENGINEERING  REQUIREMENTS 


NOISELESS  AIR  COMPRESSORS 


CONSTRUCTION    DETAILS 


Design 
Belt  Driven 
Electric  Driven 


Steam  Driven 

Air  and  Steam 
Cylinders 


Frame 

Connecting  Rods 
Cranks 

Air  Valves 


Steam  Valves 


Lubrication 


Highest  in  design  and  workmanship. 

Single  stage  and  Compound. 

Direct  motor  with  gear  or  with  silent  chain  drive  or 
with  motor  mounted  on  compressor  shaft,  or  with  Bury 
patented  double  staggered  gear  drive  insuring  perfect 
smoothness  in  operation. 

Simple  compound  non-condensing  and  condensing. 


Best  close  grain  iron  with  air  cylinders  perfectly  de- 
signed as  to  port  areas  and  water  cooling  jackets,  etc. 

Heavy  rigid  box  type  and  heavy  duty  side  crank  with 
sufficient  metal  carefully  distributed. 

Best  open  hearth  steel  forgings. 

Best  open  hearth  steel  forgings  with  heavy  balanced 
crank  discs. 

New  improved  Corliss  intake  and  Bury  patented  cushion 
poppet  intake  and  discharge  valves  designed  to  operate 
with  minimum  amount  of  shock  and  wear,  prevents  all 
blow  back,  self  contained,  easily  removed  and  replaced, 
no  wear  on  the  cylinder,  saves  costly  repair  parts,  saves 
expensive  shut  down.  Highest  efficiency  and  durability. 
Made  from  best  droj)  forgings. 

Double  ported  perfectly  balanced  steam  valves  and 
Meyer  cut  off  gear. 

Bury  patented  automatic  pneumatic  force  feed  oiling 
system,  most  simple,  most  perfect  lubrication  keeping 
main  bearings,  etc.,  flooded. 


()2 


Air  Compressors 


CUTS  ILLUSTRATING  SOME  BURY  TYPES  AND  EQUIPMENT 


Full  details  furnished  on  request. 
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Air  Compressors 


straight   Line 


SULLIVAN    MACHINERY    COMPANY 

122  S.   MICHIGAN  AVE.,  CHICAGO,  ILLINOIS 

MANUFACTURERS  OF  AIR  COMPRESSORS,  ROCK  DRILLLING  MACHINERY, 
SULLIVAN  HAMMER  DRILLS,  PLUG  AND  FOOT  HOLE  DRILLS,  STONE  DRESS- 
ING TOOLS,  ETC. 

SULLIVAN  STRAIGHT  LINE  AIR  COMPRESSORS 

Sullivan  "VVB-2"  compres- 
sors are  equipped  with  a  simple 
steam  cylinder  with  Me3^er 
valve  gear  and  hand  adjusted 
cut-off;  and  two-stage  air  cylin- 
ders, connected  by  an  inter- 
cooler  of  large  cooling  area. 

The  air  inlet  valves,  as  on  all 
Sullivan  two-stage  compressors, 
are  of  the  semi-rotary,  positively 
driven  pattern,  while  the  air 
discharge  valves  are  of  a  special 
automatic  poppet  type.  The  air  inlet  conduit,  the  air  passages  and  the 
valve  ports  afford  the  least  possible  losses  by  clearance  and  leakage. 
These  compressors  are  built  in  capacities  from  250  to  2500  cubic  feet  per 
minute,  and  are  compact  and  substantial.  The  speed  ratings  are  conser- 
vative.    Bulletin  58 J. 

SULLIVAN  TANDEM  CORLISS  AIR  COMPRESSORS 

The  Sullivan  Class  "WC"  air 
compressor  has  been  designed  to 
meet  conditions  of  service  requir- 
ing high  steam  economy,  small 
floor  space  and  moderate  cost. 

It  consists  of  a  tandem  com- 
pound steam  engine  equipped  with 
full  Corliss  valve  gear  on  both 
high  and  low  pressure  cylinders, 
connected  to  and  operating  the  two  stage  air  cylinders,  which  are  mounted 
on  a  frame  together  with  the  fly  wheels. 

This  air  compressor  embodies  the  most  desirable  features  of  both  the 
Corliss  cross  compound  and  the  tandem  compound  types  of  construction. 
It  is  built  in  capacities  from  900  to  2500  feet  per  minute.     Bulletin  58D. 

SULLIVAN  DUPLEX  AIR  COMPRESSORS 
Steam  or  Power  Driven 
The  Sullivan  Machinery  Co. 
offers  the  enclosed  self -lubricating 
duplex  Class  "WJ"  air  compressors 
as  an  advance  over  existing  ma- 
chines of  this  pattern.  These  com- 
pressors are  supplied  with  two 
stage  air  cylinders  for  standard 
pressures,  or  simple  cylinders  for 
low  air  pressures.  They  are  ordi- 
narily arranged  for  operation  by 
belt,  but  will  be  supplied  for  direct 
connection  to  an  electric  motor  or 
to  a  water  wheel  if  required. 
Modern  unloading  devices  assure 
power  economy. 


Corliss  Tandem 


Duplex  Power  Driven 


Steam  driven  compressors  of  corresponding  type  are  also  available  with 
duplex  or  cross  compound  steam  cylinders  as  desired.  Capacities,  250  to 
2500  feet.  Bulletin  5SG.  If  interested  m  small  steam  or  power  driven 
units  ask  for  Bulletins  58F-58H. 
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Rock  Drills 


"DA  21"  Stoper 


SULLIVAN  HAMMER  DRILLS 

are  iiivulua- 

f~""  -w,- .  ' ^'^^^T^^j^^^^^^H  ble  for  stop- 
^^^^l^^l  ing  and  all 
•  -^^HQ^^H  upper-holG 
-«^^K^^^^^^^^H  <1 1*  i  1 1  i  Q  g  ; 
^^^^^^^^^^^^1  for  block 
holing,  for 
rock  trench- 
es, for  plug 
and  foot  hol- 
ing in  gran- 
ite quarries 
and  for  much 
light  excava- 
tion in  and 
about  mines. 
The  stopei 
weighs  S(t 
pounds,  is 
mounted   on 

an    air    feed  Hammer  Drills  in  a  Trench 

cylinder  and  will  drill  S  ft.  holes.  It  has  no  screw  joints  and  can  be  taken 
apart  by  loosening  three  nuts.  Solid  steel  is  used  without  shanks.  The 
hand  feed  tools  are  made  in  four  styles,  and  will  drill  holes  to  5  ft.  or 
more.  They  use  hollow  or  solid  steel  as  needed  and  are  exceedingly  rapid 
and  free  from  vibration.     Bulletin  fi6  C. 

SULLIVAN  ROCK  DRILLS 

are  built  in  a  dozen  sizes  and 
two  styles  of  valve  motion. 
The  size  of  holes  that  may  be 
drilled  ranges  from  one  to  50 
feet  in  depth,  and  f  to  6  inches 
in  diameter.  In  mines,  tunnels, 
shafts,  quarries  and  general 
engineering  work,  Sullivan 
Drills  are  popular  because  of 
high  speed  and  low  cost  for 
power  and  repairs.  All  parts 
are  strictly  interchangeable. 
Bulletins  66A,  66B. 

Sullivan  Rock  Drill  in  a  Mine 
Weights,  and  Specifications  of  Sullivan  Rock  Drills  (Unmounted) 


Letter  Indicating  Size 


US 


UB 


Diameter  of  cylinder In. 

Length  of  stroke In. 

Length  of  feed  (depth  drilled  wlth-1 

out  changing  steel) In. 

Depth  of    hole  machine  will  drill  1 

easily ft.  from  1  toj 

Diameter    of    holes   that   may    be  I 

drilled in.  J 

Diameter  of  drill  steel in. 

Number  of  pieces  In  set  of  steel  tol 

drill  holes  to  depth  above  stated  j 

Diameter  of  steam  inlet In. 

Size  of  hose  to  connect  to  drill. .  .in. 
Size  of  steam  pipe   to  carry  steam"! 

100  to  200  feet in.  f 

Size  of  boiler  to  supply  steam  fori 

one  drill H.P.J 

Weight  of  drill  unmounted lbs. 

Shipping  weight  of  drill,  boxed.lbs. 

•Indicates  tappet  valve  motion. 


to  2 
to  1 
4 


145 
180 


2i 
5 

20 


1  to2J 

itol 

4 


165 
200 


UC 
j  *UC11 

n 

24 

10 

U  to  2^ 
1  toil 

5 

1 
1 


240 
280 


UD 


UE2 
*UE11 


^ 

24 


UF2       UH2 
*UF11  |*UH11 

3i  31 

61  7i 

24  24 

16  20 


Ulo3     Uto3     litoS     lito4 
\\  to  U  U  to  1}  U  to  li  U  toll 


265 
3i0 


260 
305 


10 

280 
325 


345 
420 
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Blowers  and  Exhausters 


\\  H.  cV  F.  M.  ROOTS  COMPANY 

CONNERSMLLK,  INDIANA 

ROTARY    BLOWERS,     GAS    EXHAUSTERS,    ROTARY     PUMPS,    FLEXIBLE     ROPE 

COUPLINGS 

ROOTS'  BLOWERS 


Sectional  View  Showing  Interior 
Construction 


Engine  Driven  Gas  Exhauster 


Double  Outboard  Bearing,  Single  Geared  Smelt- 
ing Blower  with  Double  Acting  Quick  Opening 
Blast  Gate 

FACILITIES 

8IZE. — Our  facilities  are  such  that  we 
can  build  Blowers  up  to  sixty-inch  gear 
machines,  having  a  displacement  of  over 
seven  hundred  cubic  feet  per  minute. 

ACCURACY— By  the  use  of  machines 
specially  made  for  our  work,  we  insure 
accuracy,  which  results  in  high  efficiency, 
not  once,  but  in  all  machines. 

CAPACITY.— Is  the  largest  of  any  Posi- 
tive Blower  Company  in  the  world. 

SPECIAL  MACHINES 

We  build  special  machines  for  handling 
gases  They  can  be  bronze  or  lead  lined, 
with  ^  J.' without  staffing  boxes.     The  gen- 


eral construction  is  the  same  as  Smelting  or  High  Pressure  Blowers. 

GAS  EXHAUSTERS 

The  Roots'  Exhauster  as  built  today,  is  the  nearest  approach  to  a  perfect 
Rotary  machine.  It  is  strong  throughout,  without  being  cumbersome,  work 
manlike  in  appearance,  without  sacrificing  strength  and  durability  to  finish, 
easy  to  adjust,  and  has  all  adjustments  in  places  easy  of  access,  without 
removing  one  part  to  get  at  another. 

TABLE   OF    SIZES,    POWERS,    AND     CAPACITIES    OF   ROOTS'    GAS 

EXHAUSTERS 


No.  of 

Exhauster 

Suction  and 
Discharge 
Diameters 

4 

Horse  Power 

at  Stated  Speed 

and  One  Pound 

Pressure 

Speed  of 
Exhauster 

i     Capacity  per 
Displacement  !    Hour  in  Cubic 
in  Cubic  Feet                Feet 
per  Revolution  No  Allowance  for 
1       Shrinkage 

2 

.75 

200 

.91 

10,920 

3 

6 

1.5 

200 

1.31 

15,720 

4 

8 

2.5 

180 

2.95 

31,860 

5 

10 

3.75 

170 

4.8 

48,960 

6 

12 

•J. 

160 

8.3 

79,680 

7 

16 

7.50 

150 

13.1 

117.900 

8 

16 

11. 

140 

19.6 

164,640 

8J 

20 

15.5 

130 

28.2 

219,960 

0 

20 

19. 

120 

38.5 

277,200 

n 

20 

24. 

110 

51.2 

337,920 

10 

24 

29. 

100 

61.75 

370,500 

m 

30 

36. 

95 

81. 

461,700 

11 

30 

50. 

90 

111.2 

600,480 

UJ 

36 

69. 

90 

147.9 

798,660 

12 

36 

80. 

85 

192. 

979,200 

15* 

42 

102. 

85 

244. 

1,244,400 

U 

42 

115. 

80 

304.9 

1,463.520 
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Rotary  Pumps 


Interior  Construction  of  Rotary  Pump 


P.  H.  cV  F.  M.  ROOTS  COMPANY 

ROOTS  ROTARY  PUMPS 

The  range  of  operation  of  these  Pumps 
is  from  ten  feet  to  two  liundred  feet 
head  and  for  handling  any  liquid  sub- 
stance, not  containing  grit,  with  econ- 
omj-  ranging  from  7.3  per  cent  to  85  per 
cent  of  the  power  ap])lied  to  the  Piunp 
shaft. 

The  source  of  power  maj'  be  turbine, 
steam  or  motor,  and  any  of  these  classes 
of  power  may  be  direct  connected, 
geared  or  belt  driven,  thus  giving  a 
wide  choice  of  arrangement  and  allow- 
ing the  Pump  to  be  used  under  almost  any  conditions. 

Irrigation  reservoir,  condenser,  cooling  towers,  circulating  work  for  Itot 
or  cold  water  or  brine,  are  a  few  among  the  many  purposes  to  which  the 
Pumps  are  successfully  applied.  The  sizes  range  from  the  50,000  gallons 
a  minute  irrigation  pump,  running  70  r.p.m.,  to  the  small  1-10  gallon  dis- 
placement per  revolution  Pump,  running  600  r.p.m. 

For  handling  oil,  tar  or  ammonia,  these  pumps  are  well  suited.  Special 
lining  and  impellers  may  be  used  where  the  li(|uids  to  be  pumped  would 
attack  cast  iron. 

Briefly,  the  operation  of 
the  Pumps  is  as  follows :  The 
revolution  of  the  shafts  and 
impellers  traps  the  water 
between  the  lobes  and  the 
case,  delivers  it  to  the  dis- 
charge side,  where  the  rol- 
ling together  of  the  impel- 
lers on  the  center  lines  of 
the  shaft  prevents  the  re- 
turn of  the  water. 

The    care    and   workman-  °'"<^*  Connected  Motor  and  Pump 

ship  with  which  the  impellers  are  fitted  to  each  other  and  to  the  case  assure 
a  small  slip  of  water  both  at  the  rolling  and  case  contacts.  The  suction 
air  chambers  cast  on  the  lower  half  of  the  half  circles  save  unsightly  pipe 
connections,  at  the  same  time  stiffening  the  Pump  as  a  whole. 

The  flow  of  water  is  steady  and  uniform,  and  unless  air  enters  the  suction 
pipe,  free  from  pulsation. 

FLEXIBLE  ROPE  COUPLINGS 

This  coupling  was  designed  to  meet  a  condition  in 
rotary  pump  work,  and  proved  so  satisfactory  for 
this  work  that  it  is  now  used  on  a  large  percentage  of 
our  direct  connected  Blowers, Exhausters  and  Pumps. 
The  points  of  advantage  that  place  it  ahead  of  other 
designs  for  the  same  purpose  are  these: 

FIRST — It  corrects  for  misalignment  in  any  direc- 
tion, whether  due  to  settling  of  foundations,  wear 
of  engine  bearings,  or  original  setting,  thus  saving 
uneven  wear  and  heating. 

SECOND — It  takes  care  of  end  thrust  caused  by 
heating,  wear  of  bearings  or  oscillations  of  the  driv- 
ing mechanism. 

THIRD — It  eases  up  sudden  fluctuations  of  load  by  the  swing  of  the  loop. 

FOURTH — It  permits  rotation  in  either  direction,  with  equal  results 
and  symmetrical  positions. 

FIFTH — The  ropes  can  be  removed  as  quickly  as  the  bolts  in  a  solid 
coupling  can  be  taken  out. 

SIXTH — With  ropes  off,  either  the  driving  or  driven  machine  can  be 
rotated  without  interference. 

SEVENTH — The  life  of  the  ropes  is  long  and  can  be  renewed  at  small 
expense. 
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Blowers  and  Exhausters 


STERLING  BLOWER  COMPANY 

HARTFORD,  CONNECTICUT 

Braiuhfs:  Xkw  Yokk,  Piiiladkij'hia,  Boston,  Rochestek 

STERLING  SLOW  SPEED,  LOW  POWER,  STEEL  PLATE  EXHAUSTERS;  MECHANICAL 
EXPERTS  IN  THE  MANUFACTURE  AND  INSTALLATION  OF  BLOWERS  AND  BLOWER 
SYSTEMS  FOR  MECHANICAL  DRAFT;  HEATING,  VENTILATING  AND  DRYING; 
AND  THE  APPLICATION  OF  FANS  AND  BLOWERS  TO  ANY  KIND  OF  LOW,  MEDIUM 
OR  HIGH   PRESSURE  WORK. 

SINGLE  EXHAUSTERS. 

Th€\se  Kxha asters  are  the  most  eificient  for  hanclling  any  material  which 
can  be  conveyed  by  a  current  of  air  through  pipes.  They  are  especially 
designed  to  give  the  best  results  with  a  minimum  consumption  of  power  and 
the  least  vibration.  The  .shafts  are  forged  and  ground  to  size.  The  bearings 
are  double  ring  oilers,  self-aligning,  and  are  supported  on  a  well  propor- 
tioned cast  iron  standard. 

Single  Exhausters  are  regularly  built  with 
bottom   horizontal,    top   horizontal   and   up 
discharge,    but    special    discharges    can    be 
built  in  a  variety  of  forms. 
SINGLE. 


Single  Exhauster. 

DOUBLE  EXHAUSTERS. 

The.se  Exhausters  are  of  the  .same  general  construction  as  the  single  ma- 
chines, consi.sting  of  two  single  exhausters  provided  with  common  pulley, 
pulley  standard  and  bearings.  When  convenient,  a  Double  Exhauster  is 
placed  at  the  centre  of  a  large  .system  to  avoid  complications  in  piping,  and 
reduce  to  a  minimum  the  space  occupied.  They  also  handle  material  of  two 
kinds  without  mixing. 

Double  Exhausters  are  recvilarly  built  with  l)ottom  horizontal,  top  horizon- 
t.il  and  nj)  (lischamc,  l)ut  ■-pocial  discharges  can  be  Ijviilt  in  a  variety  of  forms. 

DOUBLE. 


PULLEY 

Out- 
side 
Diam. 
Inlet 

Outside 

Diameter 

Outlet 

Size 
No. 

Diam. 

Face 

Weight 

17 
19 
21 
23 
26 
30 

12" 
1.3" 
1.5" 
16" 

IS" 
■)2" 

8" 
10" 
12" 
12" 
14" 
16" 

17}^ 
19?^ 

21  N 
23^ 
23?^ 
30  H 

17Hxl4M 
19Hxl5M 
2Uixl7?i 
23  H  X  19 
26      x21?i 
30       X  24  H 

1,150 
1,500 
1,750 
2,100 
2,300 
3.200 

Double  Exhauster. 


THE  STERLING  STEEL  PLATE 
EXHAUSTER  DIRECT  CONNECTED 
TO  ELECTRIC  MOTOR. 

This  combination,  which  consists  of  a 
Steel  Plate  Exhauster  with  an  Electric 
Motor  direct  connected,  is  a  very  desirable 
arrangement  under  certain  conditions,  and 
the  use  of  exhaiLsters  of  this  type  is  con- 
stantly increasing. 

Built  in  all  sizes  for  any  hand  and  discharge. 
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Blowers  and  Exhausters 


WILBRAHAM-GREEN  BLOWER  CO. 

POTTSTOWN,  PA. 

MANUFACTURERS  OF  THE  "WILBRAHAM-GREEN"  RQTARY  POSITIVE  PRESSURE 
BLOWER  AND  GAS  EXHAUSTER.  KNOWN  EVERYWHERE  AS  "THE  OLD  RELLABLE." 
SUITABLE  FOR  EITHER  LOW  OR  HIGH  PRESSURES.  HIGH  PRESSURE  MACHINES 
ARE,  HOWEVER,  USUALLY  DESIGNED  TO  SUIT  THE  PARTICULAR  WORK  THEY 
ARE  TO  PERFORM. 


Motor  Driven  Blower 


Pulley  Driven  Blower 

A  few  of  the  lines  of  work  for 
Avhich  our  Blowers  and  Gas  Ex- 
hausters are  especially  adapted 
and  have  been  used  during  the 
last  40  years:  Smelters,  Pneu- 
matic Tubes,  Oil  Burning,  Foun- 
dr}-  Cupolas,  Paper  Mills,  Vacuum 
Pumps,  Oil  Refineries  and  Gas 
Works. 

The  internal  construction  of 
Blowers  and  Gas  Exhausters  is 
very  similar. 

Low  pressure  machines  are  usually  single-geared. 

High  pressure  machines  are  usually  double-geared. 

Bearings  are  bushed  with  Phosphor  Bronze;  are  Ring  Oiling,  and  ver>' 
large,  so  that  the  pressure  per  inch  square  of  projected  area  is  extremely 
low. 

Shafts  are  FORGED  STEEL. 

Our  design  allows  the  dri^Tng 
pulley  or  gear  to  be  placed  against 
the  end  of  the  Bearing,  reducing 
the  overhang  to  a  minimum. 
This  is  a  very  IMPORTANT 
feature,  in  either  a  Pulley  or 
Motor  Driven  unit. 

Gears  are  accurately  cut  from 
the  solid  and  verj'  vn.de  face. 

Blowers  or  Exhausters  are  built 
■nnth  pipe  connections  either  top 
or  bottom  or  on  the  sides,  to  suit 
conditions.  Engine  Driven  Exhauster 
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Oil  Burners 


TATE,  JONES  k  COMPANY,  INC. 

rrriSHTIUi,  rKXNSYI.VANIA 

ENGINEERS  AND  MANUFACTURERS 

FUEL  OIL  BURNERS;  FUEL  OIL  PUMPING  SYSTEMS;  OIL  BURNING  FURNACES 
FOR  MELTING,  ANNEALING,  TEMPERING,  HEATING,  ETC.;  NATURAL  GAS 
BURNERS,    ETC. 

OIL  BURNERS  FOR  BURNING  FUEL  OIL  UNDER 
BOILERS. 


Section  of  Kirkwood  Oil  Burner 

]iy  reference  to  the  sectional  view  it  will  be  seen  that  both  the  oil  and 
steam  valves  seat  at  the  tip  of  the  burner,  the  pressure  l^einp;  thus  main- 
tained to  the  point  of  exit  of  the  oil  and  steam.  In  burners  where  the 
steam  is  throttled  farther  back,  or  entirely  outside  of  the  burner,  "dead" 
steam  results  when  the  supply  is  reduceil,  causing;  an  oil  drip  from  the  tip. 

By  its  use  the  oil  is  fed  to  the  furnace  in  an  absolutely  atomized  state, 
emertiino;  from  the  tip  of  the  burner  in  an  almost  imperceptible  spray  or 
vapor  in  which  condition  combustion  is  immediate  and  complete. 

Both  the  oil  and  steam  valves  on  the  l)urner  are  equii)i)ed  with  indexes 
l)y  which  the  hreman  may  see  exactly  the  amount  of  oil  and  steam  turned 
on  and  maintain  a  much  better  reg;ulation  than  would  otherwise  l)e  possible. 

Kach  l)urner  has  a  capacity  of  from  75  to  100  boiler  horse  power,  de- 
pending on  local  conditions.  We  will  g;ladly  furnish  drawings  showing 
the  exact  application  recommended  in  each  jjarticular  case  ou  receipt  of 
sketch  or  information  as  to  sizf,  type,  etc.,  of  boiler. 


These  burners  are  manufactured  in  several  styles  to  meet  varying 
conditions  of  pressure,  boiler  settings,  etc.,  and  have  also  been  very  suc- 
cessfully adapted  for  use  in  brick  kilns. 
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Oil  Burners  and  Forges 


TATE,  JONES  &  COMPANY,  INC. 

NO.   3  COMBINATION  OIL  BURNER  FOR  FURNACES. 

A\ith  it  a  \  tTv  small  quantity  of  compressed  air 
(:il)(>iit  (■)()  (Ml.  ft.  per  gal.  of  oil  of  free  air  compressed 
to  lM)  lbs.)  is  used  for  atomizing  the  oil  which  is  fed 
to  the  burner  at  25  lb.  pressure. 

'J'he  oil  and  the  compressed  air  for  atomizing  are 
controlled  by  one  lever,  the  proportion  l)eing  .scien- 
tifically determined  and  fixed  at  the  factory  in.stead 
of  leaving  this  to  the  judgment  of  the  operator.  This 
simplifies  operations  very  greatly. 

Air    blast    at    2    to    4    oz.    pres.sure   furnishes   the 

necessary  oxygen  for  combustion,  and  the  regulation 

of  this  air  blast  varies  the  fire  from  an  oxidizing  flame  to  a  strong  reducing 

heat.   This  gives  the  operator  exactly  the  heat  wanted  at  a  moment's  notice. 

The  burners  can  be  cleaned  without  disconnecting  it  from  the  line. 

These  burners  are  as  near  noi-seless  as  it  is  possible  to  make  an  oil  burner. 


FUEL  OIL  PUMPING,   HEATING  AND  PRESSURE 
REGULATING  SYSTEMS. 

An  efficient  oil  tire  can  be  obtained  only  when  oil 
is  fed  to  the  burners  at  a  continuously  uniform 
pressure,  when  the  oil  is  heated  before  it  enters  the 
burners,  and  when  it  is  strained  and  free  from  lumps 
and  foreign  substances.  It  is  the  purpo.se  of  the.se 
systems  to  accompli.sh  this. 

Careful  thought  and  the  best  engineering  talent 
have  been  expended  in  perfecting  not  only  the 
systems  as  a  whole,  but  bringing  each  part  up  to 
the  highest  .standard,  so  that  the  heating  coils,  the 
strainer,  the  automatic  pressure  regulator  and 
overflow  and  the  piping  arrangement  are  the  most 
reliable,  the  simplest  and  most  efficient  for  their 
.several  purposes. 

OIL  RIVET  FORGES. 

The  advantages  of  our  oil  forges  are: 

First,  small  quantity  of  compres.sed  air  to  operate  ; 
■second,  air  reducing  valve  on  Portable  Furnaces, 
which  holds  the  air  at  required  pressure  regard- 
less of  air  pressure  at  the  compressor;  third,  air 
and  oil  are  controlled  at  the  burner  by  one  valve, 
making  it  the  simplest  and  easiest  to  handle; 
fourth,  the  burner  valve  is  so  adjusted  that  the 
operator  cannot  heat  the  rivets  hotter  than  re- 
quired (other  furnaces,  unless  properly  handled, 
will  weld  the  rivets);  fifth,  the  burner  perfectly 
atomizes  the  oil  so  there  is  no  waste. 


No.  I  Portable    Oil   Rivet   Forge 
DIMENSIONS,  CAPACITIES,  ETC.,  OF  PORTABLE  FORGES. 


No.  3  Oil  Pumping,   Heat" 
ing  and  Regulating  System 


No. 


4015 
4OI6 
4OI7 


Oil  Tank 
Capacity 


15  gals. 
TO  gats. 
.SO  gals. 


Capacity 

per  Hour 

\i-ln. 

Rivets 


400 
800 
1200 


Oil 

Required 

per  Hr. 


gal. 
gals, 
gals. 


Air 
Pressure 
Required 


20  lbs. 
20  lbs. 
20  lbs. 


Cubic  Ft. 

Free  Air 
Required 

per  Hr. 


300 
400 
600 


Size  of 
Hearth 


9x  13 

12  X  18 
16x24 


Diani. 
of  Tank 


14" 
20" 
20" 


Weight 


300  lbs. 
750  lbs. 
900  lbs. 


1  door 

1  door 

2  doors 
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Oil  Burning  Furnaces 


TATE.  JONES  &  COMPANY,  INC. 


Plate  Heating  Furnace 


PACK  HARDENING,  CASE  HARDENING  AND  ANNEALING  FURNACE; 
OIL  OR  GAS  FUEL. 


This  type  of  case  hardening  and  annealing  fur- 
nace is  of  semi-muffle  construction,  but  being 
intended  for  work  requiring  the  continuous  applica- 
tion of  higher  heat,  the  lining  is  extra  heavy,  and 
the  mouth  is  closed  by  a  solid  fire  slab  brick  held 
in  position  by  a  cast  iron  door  casing. 

The  burners  fire  into  the  combustion  chamber 
on  opposite  sides  and  are  alternated  in  position. 
This  type  of  furnace  shortens  the  process,  and  when 
the  time  required  for  a  given  job  is  ascertained,  it 
can  be  duplicated  thereafter  with  the  same  results. 

LIST  OF  STOCK  SIZES. 


I'uriiafo 

Heat  Chamber 

Over  All 

Mouth 

\o. 

Length 

Width 

Height 

Length 

Width 

Height 

Width 

Height 

Mouth 
to  I'loor 

3000 
3001 
3002 

36 
42 
24 

15 
21 
24 

10 
12 
24 

56 
62 
40 

391a 
45  H 
43 

54  >^ 
571^ 
53  1^ 

15 
21 
24 

10 
12 
24 

30 
30 

22  ^i 

TEMPERING  BATH  FURNACE, 

(Oil  or  Salts). 
Oil  or  Gas  Fuel. 

Furnaces  of  the  type  shown  are  used  for  tem- 
pering steel  work  in  oil  or  tallow,  although  salts  are 
used  to  good  advantage  in  a  great  many  instances. 

We  make  them  in  the  sizes  given  in  round,  square, 
or  oblong  shapes. 

LIST  OF  STOCK  SIZES. 


Furnace 

Pot 

Working 

Capacity  in 

Gallons 

Over  All 

No. 

Length 

Width 

Depth 

Length 

Width 

Height 

3041 
3042 
3043 
3044 
3045 
3046 

10 
15 
20 
24 
20 
30 

10 
15 
20 
24 
10 
15 

10 
12 
15 
20 
17 
12 

3 

8 
20 
35 

4K 
15 

281-^ 
33  J^ 
381^ 
42  J^ 
28  K 
33  J^ 

26 
31 
36 
40 
36 
46 

30 
32 
35 
35 
27 
29 
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Gas  Producers 


AMSLER  GAS  POWER  COMPANY 

WABASH    BUILDING 

PITISBURGII,    PA. 

SUCTION  GAS  PRODUCERS;  PRESSURE  GAS  PRODUCERS;  GAS  APPLIANCES 
FOR  POWER  AND  FOR  FUEL  FOR  ANNEALING,  ASSAYING,  BRAZING,  CARBONIZLNG, 
COOKING,  DRYING  AND  CORE  BAKING,  ENAMELLING,  FORGING  OF  ALL  KINDS, 
GALVANIZING,  GLUE  MANUFACTURING,  HARDENING  AND  TEMPERING,  JAPANNLNG, 
LAUNDRY  WORK,  LIGHTING  BY  INCANDESCENT  MANTLES,  RIVET  HEATING,  SOL- 
DERING, WELDING,   ETC. 


Tyi)e  C,  15  to  2.50  H.P.  iiuit« 

Anthracite. 
Type  D,  50  to  600  H.P.  units 

Lignite. 
Type    E,    100   to    2000    ITT. 

units  Bituminous. 

FEATURES  OF  THE 

AMSLER  SUCTION  GAS 

PRODUCER. 

The  fuel  bed  is  deep  and 
easily  compacted  from  the 
outside  while  producer  is  in 
operation.  This  is  to  insure 
complete  gasification  and  ab- 
sence of  air  chimneys.  The 
grate  operates  Avith  an  oscil- 
lating rotative  and  vertical 
motion. 

Poke  holes  that  are  posi- 
tively gas  tight  and  yet 
easil}'  opened  are  provided 
at  the  top  of  the  generator. 

The    Avater     bosh    reduces 


clinkers     and    furnishes    hot    water    To    the 


vaporizer. 

The  magazine  holds  fuel  for  several  hours'  run. 

Accurate  automatic  regulation  of  water  to  vaporizer.  One  setting  of 
needle  valve  fixes  proportion  of  water  per  unit  of  gas  for  all  loads.  The 
use  of  differences  in  pressure  in  the  system  to  act  upon  a  column  of  water 
for  regulation  is  patented  and  the  public  is  warned  against  infringements. 

Preheating  of  air  and  vapor  is  unusually  efficient.  This  is  done  in  the 
top  of  the  generator  where  the  heat  from  the  fuel  bed  acts  directly  and  pre- 
heats to  300  or  400  degrees  Far. 

The  vent  valve  is  simple  and  positive  and  prevents  leaks  into  the  scnil^ber 
at  all  times. 

The  water  sealed  scrubber  base  of  large  area  makes  scrubber  self  cleaning. 

A  test  made  by  Prof.  Trinks  at  the  Mechanical  Laboratory  of  the  Car- 
negie Technical  Schools  shows  for  an  eight-hour  run : — 

Coal  gasified  per  hour  (Buckwheat  Anthracite)  75  Ids. 

Heat  value  of  coal  by  analysis,  1.3,000  BTU. 

Quantity  of  gas,  room  temp,  and  pressure,  6500  cu.  ft.  per  hour. 

Heat  value  of  gas  same  conditions,  125  BTU. 

Heat  value  of  gas  30"  Barometer  32  deg.  F.,  145  BTU. 

Heat  efficiency  referred  to  high  heat  A'alue,  83.59^. 

Temperature  in  recuperative  brick  furnace  operating  on  this  gas,  2400 
deg.   F. 
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Air  Conditioning  Apparatus 


-  CARRIER  AIR  CONDITIONING 
COMPANY  OF  AMERICA 

39    COKTLANDT    S'lREET,     NEW    YOllK     CITY 

AIR    WASHERS,  HUMIDIFIERS,    DEHUMIDIFIERS,  AUTOMATIC   HUMIDITY    CONTROL 
DRY  BLAST  PLANTS  FOR  FURNACES. 
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Heating  and  Ventilating  Equipment 


BUFFALO  FORGE  COMPANY 

BUFFALO.  N.  Y. 

New   York,    Philadelphia,    St.    Louis,    Denven,    Chicago 
PiTTSBTTRc,  Cincinnati,  Charlotte,  Los  Angeles,  Montreal 

BUFFALO  FAN  SYSTEM  OF  HEATING,  VENTILATING  AND  DRYING 


This  system  is  ideal  for  heating  and  ventilating  large  industrial  buildings. 
While  adaptable  to  every  type  of  building  with  very  satisfactory  results, 
it  is  especially  efficient  in  heating  and  ventilating  those  buildings  having 
high  ceilings  and  in  which  no  other  method  is  at  all  successful. 

The  principal  points  of  superiority  of  this  system  can  be  enumerated 
as  follows: 

Uniform  and  ))roper  distribution  of  heat  is  insured,  especially  at 
the  bottom  of  a  room  where  needed  most,  liising  currents  of  air,  with 
their  waste  of  heat  are  practically  eliminated. 

Perfect  ventilation  is  secured  regardless  of  weather  conditions. 
Cold  drafts  along  the  floor  are  prevented. 

The  heating  and  ventilating  effects  can  be  regulated  independently. 
Ease  of  control  prevents  overheating. 


Apparatus  for  the  Buffalo  Fan  System  of  Heating  and  Ventilating 

Exhaust   steam   is   utilized   in   the   heater   coils   without   producing 
back  pressure  on  the  engine.     Economy  of  operation  is  thus  effected. 
The  heater  coils  in  the  Buffalo  system  will  radiate  from  3-5  times 
more  heat  per  sq.  ft.  than  those  in  a  direct  radiation  system. 
The  system  can  be  used  for  cooling  in  the  summer  time. 
The  apparatus  is  simple,  compact  and  easy  to  maintain.     There  are 
no  long  runs  of  piping  to  leak  and  give  trouble. 
Summarizing,  it  is  low  in  first  cost,  economical  in  operation  and  efficient 
in  service. 

The  Buffalo  System  of  Drying  is  giving  excellent  results  in  many  instal- 
lations throughout  the  country. 

Our  successful  experience  as  Heating  and  Ventilating  Engineers  qualifies 
us  to  design  and  build  apparatus  for  any  requirement.  Write  for  our 
recommendation  on  your  requirements  and  for  catalog  No.  197-1,  for  your 
reference  library. 
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Drying  Machinery 


RUGGLES-COLES  ENGINEERING  CO. 

50  CHL  RCFI  ST.,  NKW  YORK,  N.  Y.  McCORMICK  BLDG.,  CHICAGO.  ILL. 

CONSULTING  AND  CONTRACTING  ENGINEERS 

DESIGNERS   AND    BUILDERS    OF    SPECIAL    MACfflNERY 

DRYING    MACHINERY  A    SPECIALTY 


A  Typical  Section  of  Class  "A"  Dryer  Showing  Direction  of  Hot  Gases 

WHAT  WE  DRY 

In  order  to  dry  materials  of  different  physical  and  chemical  properties  we 
have  perfected  six  regular  types  of  dryers  which  handle  an  extremely  large 
variety  of  materials  such  as  cement  rock,  clay,  shale,  coal,  slag,  binder  rock, 
gypsum,  ores,  coke  breeze,  carbonate  of  potash,  fuller's  earth,  nitrate  of  soda, 
grain,  bagasse,  tankage,  starch  feed,  sewage  sludge,  corn  germs,  cork  and 
leather  chips,  etc.,  etc.  In  addition  to  our  regular  types  we  design  and 
build  special  dryers  for  materials  that  can  not  be  dried  in  our  regular  dryers. 
Our  fourteen  years'  experience  makes  us  capable  of  successfully  drying  any 
kind  of  material  submitted. 

RUGGLES-COLES  CLASS  "A"  DRYER 

This  dryer  consists  of  two  concentric  shells  of  heavy  steel  plate,  connected 
at  the  center  by  six  heavy  cast-iron  arms.  Between  the  center  and  each 
end  are  two  sets  of  swinging  arms,  which  allow  for  the  unavoidable  expan- 
sion and  contraction  due  to  the  difference  in  temperature.  This  construc- 
tion absolutely  prevents  any  shearing  of  rivets  or  loosening  of  joints. 

The  inner  cylinder,  at  the  head  or  feed  end,  is  connected  with  the  fur- 
nace by  a  hot  air  flue  lined  with  fire  brick.  At  the  discharge  end  of  the 
dryer  is  a  revolving  head  riveted  to  the  shell;  on  the  inside  of  this  head 
are  lifting  buckets,  so  that  the  material  is  delivered  out  through  the  central 
casting.  Around  the  outside  of  the  cylinder  are  two  heavy  rolled  steel 
tires  riveted  to  the  shell  with  heavy  brackets.  Each  of  these  tires  rests  on 
four  bearing  wheels  of  chilled  iron  ground  to  a  true  circle.  These  bearing 
wheels  are  arranged  in  pairs  of  swinging  arms,  which  rest  on  heavy  cast- 
iron  bases.  On  the  front  base  are  set  two  large  thrust  bearing  wheels,  to 
prevent  the  tires  running  off  the  wheels.  The  bearing  wheels  may  be  so 
adjusted  while  the  machine  is  running,  that  there  will  be  no  tendency  for 
it  to  ride  either  up  or  down  on  the  wheels.  This  is  a  very  important  feature 
of  our  dryer.  Having  sixteen  bearings,  the  load  is  so  distributed,  that 
there  is  no  danger  of  the  bearings  becoming  heated. 

Between  the  tires  is  fastened  a  heavy  cast  gear,  driven  by  a  pinion,  shaft 
and  pulley.  These  may  be  arranged  to  drive  the  machine  from  the  side, 
or  the  driving  shaft  may  be  extended  at  the  rear  and  driven  by  a  shaft 
parallel  with  the  drum. 

The  exhaust  fan  is  generally  placed  on  top  of  the  furnace,  connected  to 
the  dryer  with  a  suitable  flue,  but  it  may  be  located  wherever  convenient. 

The  furnace  is  independent  of  the  machine,  and  located  in  a  convenient 
place,  although  generally  placed  close  to  the  head  of  the  dryer.  We  have 
especially  designed  full  flush  fronts  and  castings  for  this  furnace,  of  heavy 
pattern  and  proper  size  to  suit  the  size  of  the  machine  and  kind  of  work  to 
be  done.  This  furnace  may  be  fired  at  the  front,  or  at  the  side  as  most 
convenient.  When  oil,  gas  or  pulverized  coal  may  be  economically  used, 
we  furnish  a  burner  of  special  design,  a  description  of  which  we  will  give 
on  application.  We  are  now  building  six  sizes  of  our  Class  "A"  Dryer  to 
suit  requirements. 


Drying  Machinery 


RUGGLES  COLES  ENGINEERING  CO. 


CLASS  "A"  DRYER-Operation 

The  heated  air  passes  through  the  inner  cylinder,  and  returns  between 
the  outer  and  inner  cylinders  to  the  fan.  The  material  to  be  dried  is  fed 
into  the  machine  at  the  stationary  head  through  a  spout,  which  leads  to  the 
bottom  of  the  cylinder,  where  it  is  taken  up  by  the  buckets  or  carriers  and 
dropped  through  the  current  of  heated  air.  It  is  then  caught  by  the 
flights  on  the  heated  inner  cylinder,  which  by  revolving  drop  it  to  the  outer 
cylinder  to  be  again  carried  up.  This  operation  is  repeated  until  by  the 
inclination  of  the  machine,  the  material  is  carried  to,  and  discharged  at, 
the  rear  end.  By  this  process  we  utilize  practically  all  the  heat  of  the  fuel. 
In  this  dryer  the  outer  shell  is  cool  at  all  times,  so  that  there  is  almost  no 
loss  by  radiation,  and  the  exhaust  from  the  fan  is  but  a  few  degrees  above 
the  atmospheric  temperature. 

Should  it  become  necessary  to  make  repairs,  a  man  can  get  inside  of  our 
dryer  in  ten  minutes  after  the  machine  is  stopped,  while  with  the  bricked- 
in  machines  it  takes  at  least  twenty-four  hours  to  cool  the  walls  sufficiently 
to  make  repairs. 

When  the  dryer  is  run  only  ten  hours  per  day,  and  a  new  fire  started  each 
morning,  drying  can  begin  in  five  minutes  after  a  new  fire  is  started,  while 
with  a  bricked-in  machine,  drying  cannot  begin  inside  of  an  hour,  on  account 
of  the  time  required  to  heat  up  the  outside  walls. 

CLASS  "B"  DRYER 

There  are  a  number  of  materials,  as  oil,  sand,  kaolin,  ochre,  infusorial 
earths,  etc. ;  which  cannot  be  dried  by  direct  heat  on  account  of  the  danger 
from  ignition  or  injury  to  material  by  furnace  gases.  We  have  therefore 
designed  a  dryer  similar  in  all  respects  to  our  Class  A  Machine  except  that 
the  gases  are  taken  from  the  inner  flue  and  returned  through  a  number  of 
tubes.  This  gives  the  advantage  of  direct  heat  without  the  danger  of 
injury  to  materials  which  might  occur  with  our  Class  A  Machines,  We 
are  building  these  of  different  sizes  to  suit  requirements. 

CLASS  "E"  DRYER 

There  are  certain  materials,  such  as  nitrate  of  soda,  nitrate  of  potash  and 
other  fusible  salts,  which  are  not  injured  by  direct  heat,  but  which  cannot 
be  dried  in  a  rotary  dryer  on  account  of  the  material  adhering  to  the  shell. 
We  have  designed  and  are  now  building  special  dryers  for  this  class  of  work, 
which  have  the  economical  advantage  of  direct  heat  with  a  positive  feed 
and  delivery.  We  will  give  full  information  and  estimates  of  these  machines 
if  requested. 

CLASS  "F"  DRYER 

When  the  quantity  of  material  to  be  dried  is  small  or  the  amount  of  moist- 
ure to  be  evaporated  is  light,  we  furnish  a  dryer  which  we  designate  as  our 
Class  F.  This  dryer  is  of  single  shell  construction,  and  while  not  as  econom- 
ical of  fuel  as  our  Class  A  machines,  is  much  lower  in  cost.  These  dryers 
have  a  furnace  similar  to  that  of  our  Class  A  Machines,  but  the  heat  passes 
directly  through  the  shell  and  out  through  a  fan  or  stack,  as  shown  herewith. 


Class  "F"  Drye 
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Insulating  Materials 


F^ 


m 


UNION  FIBRE  COMPANY 

WINONA,   MINNESOTA 


WATER-PROOF  LITH.  UNION  CORK  BOARD,  FOR  INSULATION  OF  COLD  STORAGE 
PLANTS,  BREWERIES.  ICE  HOUSES,  ETC.;  LINOFELT  FOR  REFRIGERATOR  CARS, 
ICE  HOUSES,   ETC. 

Water-proof  Lith  is  an  insulating  board  made  of  Patent 
AVatcr-iHoof  Rock  Wool  and  Degummed  Flax 
Fibres.  It  is  furnished  in  the  form  of  a  board  which 
can  be  handled  and  sawed  like  lumber.  These 
boards  are  exactly  18"  x  48"  in  area,  and  of  any 
thickness  from  one-half  inch  to  three  inches. 

It  is  claimed  that,  as  compared  with  other  insulating 
materials,  Water-proof  Lith  offers  important  ad- 
vantages as  follows: 

Mrst       — It  has  highest  efficiency  as  a  non-conductor. 

Second  — It  is  strong  and  easily  handled. 

Third      — It  will  sustain  considerable  weight. 

Fourth  — It  will  not  disintegrate. 

Fifth      — It  is  uniform  in  composition. 

Sixth  — It  will  not  absorb  moisture  and  has  no 
capillary  attraction. 

The  usual  method  of  applying  Lith  in  brick  or  concrete  buildings  is  to 
set  up  the  boards  either  in  one,  or  preferably  two,  layers,  coating  each 
board  with  a  water-proof  compound,  and  on  the  interior  surface  of  the 
room  covering  the  insulation  with  Portland  Cement  Plaster.  Frequently 
each  course  is  inil)edded  in  Portland  Cement  Plaster  against  the  wall  in 
the  same  manner  that  tile  are  erected. 

Union  Cork  Board  is  composed  of  the  best  quality  of  pure  granulated 
cork,  each  granule  being  treated  at  a  high  temperature  and  then  instant I\- 
coated  with  a  special  water-proof  mixture,  then  moulded  into  sheets  and 
sawed  to  dimensions.  Each  granule  of  cork  retains  its  full  insulating 
value  and  each  one  is  water-proof. 

Union  Cork  Board  is  not  burned  in  the  process  of  manufacture,  neither 
is  there  any  compression  applied  to  the  boards  beyond  that  which  is 
necessary  to  make  a  close  union  of  all  particles. 

Cork  Boards  are  erected  for  the  purposes  of  insidafion  just  like  Water- 
proof Lith  boards  described  above. 

Linofelt  is  made  from  degummed  flax 
fibre  manufactured  by  a  special  patent 
])rocess  from  liax  straw^  The  flax  fibre 
is  .stitched  between  two  thicknesses  of 
90-lb.,  3-ply  black  water-proof  paper 
to  make  the  completed  article,  Linofelt. 

Linofelt  has  been  more  widely  used 
for  lining  refrigerator  cars  than  any 
other  .single  form  of  insulation,  and  it  is 
invaluable  for  ice  houses  and  other 
wooden  structures  where  insulation  at  a  low  cost  is  nccu.>.-ai  \  . 

The  Union  Fibre  Company  maintains  a  Construction  Department  and 
contracts  to  erect  its  insulation  in  any  place  This  Dejiartment  has  for 
the  benefit  of  engineers  data  with  regard  to  insulation  and  sketches  of  the 
different  methods  of  application  to  overcome  particular  problems.  Any  of 
these  will  be  sent  to  engineers  free  upon  request.  The  companv  also 
issues  booklets  descriptive  of  its  insulation,  and  furnishes  samples  upon 
re([uest. 
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Refrigerating  Machinery 


THE  CARBOXDALE  MACHINE  CO. 

CAUHONDALK,    \\\. 

MANUFACTURERS    OF   EXHAUST    STEAM   ICE    MAKING    AND    REFRIGERATING 
MACHINERY;  BY-PRODUCT  ICE  MAKING 

MAKING  ICE  BY  USING  EXHAUST  STEAM 

The  process  is  rightly  termed  "By-Product  Ice"  for  the  reason  that 
power  which  might  be  wasted  is  utilized,  labor  which  would  be  idle  is  kept 
employed  profitably  and  inequalities  in  load  in  any  kind  of  power  plant 
are  overcome. 

Our  machinery  for  producing  these  results  by  ice  making  has  been 
developed  through  many  years  of  expermient  and  study  of  this  special 
problem.  We  have  now  developed  a  machine  which  will  operate  with 
exhaust  steam  taken  from  a  general  heating  system,  under  a  slight  back 
pressure.  Plants  are  operating  successfully  and  economically  in  conjunc- 
tion with  the  Webster  and  Paul  system  with  pressure  less  than  atmos- 
pheric.    Several  types  of  machine  are  built. 

STEAM  CONNECTION  AND  OPERATION 

The  method  of  making  the  steam  connections  for  one  of  The  Carbon- 
dale  Exhaust  Steam  Machines,  is  shown  in  Fig.  1.  The  steam  is  gener- 
ated in  boiler  (1),  passed  to  the  engine  (2),  the  exhaust  going  to  the 
feed  water  heater  (3).  The  back  pressure  valve  (4)  is  set  at  2  to  3  lbs. 
when  condensing  water  does  not  ex 
ceed  65°.  Sufficient  exhaust  steam 
to  operate  the  ice  machine  passes 
through  the  oil  separator  (5), 
where  the  oil  is  eliminated,  the 
balance  escaping  to  the  atmos- 
phere through  the  back  pressure 
valve.  After  leaving  the  oil  sepa- 
rator the  exhaust  is  divided, 
about  60  per  cent  entering  the 
coils  of  the  generator  (6)  of  the 
ice  machine,  where  it  is  condensed 
and  becomes  distilled  water  and 
flows  into  receiver  (7) ;  the  balance, 


Fig.  1 


40  per  cent,  passes  into  an  exhaust  steam  condenser  (9).  This  consists  of 
coils  of  pipes,  over  which  the  spent  water  from  the  machine  flows  and 
condenses  the  steam.  The  distilled  water  from  this  also  goes  to  receiver 
(7)  where  it  mingles  with  that  from  the  generator.  From  this  receiver  it 
is  drawn  by  a  pump  (8)  and  discharged  into  a  reboiler  (10)  where  it  is 
further  boiled  to  free  it  from  any  gases,  etc.,  that  may  have  been  absorbed 
during  condensation.  The  heat  in  the  exhaust  steam  entering  the  coils 
of  the  generator  is  imparted  to  the  aqua  ammonia  surrounding  them,  thus 
generating  ammonia  gas.  This  is  later  condensed  and  by  its  subsequent 
evaporation  produces  refrigeration  in  the  ice  tank  coils.  It  will  thus  be 
seen  that  the  exhaust  steam  not  only  supplies  the  distilled  water  neces- 
sary for  ice  making  but  also  the  energy  required  to  freeze  it. 


Plan  of  Complete  Plant.    Absence  of  Boiler  Equipment  is  Especially  Noticeable 


Generators  arid  Motors 


CROCKER-WHEELER  COMPANY 

AMPERE,  X.  J. 

MANUFACTURERS  AND  ELECTRICAL  ENGINEERS. 
MOTORS,  GENERATORS,  TRANSFORMERS. 
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tion. 
C-W 
108  C. 


AC  GENERATORS. 

OF  ALL  SIZES, 
superior  design  and  construc- 
Special  advantages  gained  by 
exclusive    features.       Bulletin 


^BT* 


DC  GENERATORS. 

ALL  SIZES. 
These  machines  are  known  among 
engineers  for  the  special  care  and 
attention  given  to  every  feature  of 
their  design  and  construction.  Bul- 
letin 119  C. 


INDUCTION  MOTORS, 

ALL  SIZES. 

The  principal  features  of  these  machines 
are  extra  heavy  insulation. 

Bearings  adjustable  for  wear. 

Metallic  slot  wedges,  allowing  the  use  of 
form  wound  coils  plus  the  advantages  of 
closed  slots. 

Bulletin  126  C. 


DC  MOTORS  OF  ALL  TYPES. 

SIZES  FROM  120  TO  5000  H.P. 

These  motors  are  a  C-W 
specialty  and  have  been  devel- 
oped to  stand  hard  service  and 
abuse.  Their  quality  is  due  to 
good  design  and  thorough  con- 
struction.     Bulletin  108  C. 


SPECIAL  ROLLING  MILL  MOTORS. 

Built  with  lire-proof  insulation  and  all 
parts  made  extra  strong  and  heavy  for 
rolling  mill  service.  The  C-W  Co.  has 
made  a  specialty  of  this  class  of  motors, 
and  can  promptly  supply  motors  for  any 
branch  of  Rolling  Mill  service. 


POWER  AND  LIGHTING 
TRANSFORMERS. 

These  transformers  are  built  for  long 
service  and  efficiency.  They  operate  with 
the  minimum  loss  of  energy,  saving  15% 
or  20%  of  the  amount  lost  by  the  average 
transformer. 

"Remek"  Bulletin  C. 


Electric  Motors 


ELECTRO  DYNAMIC  COMPANY 

BAYONNE,   NEW    .IKRSEY. 

THE  INTER-POLE  MOTOR. 


The  INTER-POLE  MOTOR  has,  in  addition  to  the  Main  Poles,  a  series 
of  Inter-poles  which  are  placed  between  the  Main  Poles,  whose  functions 
are  to  assist  in  the  reversal  of  the  current  under  the  brushes.     They  pro- 
vide a  separate  commu fating  fielil  of  a  correct 
value  at  all  loads  and  speeds,  and  their  wind- 
ings are  for  this  purpose  connected  in  series 
with  the  armature.     The  proper  functioning  of 
the  Inter-poles  is  independent  of  the  direction 
of  rotation  of  the  armature,  also  of  the  load 
carried  over  the  whole  speed  range.    The  Inter- 
pole  motor  has  the  following  characteristics : — 

FIRST: — Constant  or  adjustable  speed  work- 
ing, the  latter  with  a  speed  range  up  to  1-6  by 
shunt  field  control  with  absolutely  no  sparking 
at  the  brushes  and  with  momentary  overloads 
up  to  100%. 

SECOND : — Constant  brush  position  and  re- 
versibility from  maximum  speed  in  either  direc- 
tion within  a  few  seconds. 

THIRD: — A  motor  which  can  be  operated  at 
adjustable  speeds  on  the  standard  supply  cir- 
cuits of  110,  220  and  500  volts  with  very  simple 
controlling  devices,  and  which  runs  at  a  con- 
stant speed  at  any  controller  position  regardless 
of  load. 

FOURTH: — A  motor  which  is  compact  and  highly  efficient,  for  the 
reason  that  it  requires  less  electrical  energy  to  produce  the  magnetic  field 
and  has  less  armature  losses  than  an  ordinary  motor  without  inter-poles. 


Type   "S' 


vertical  motor- 
bearings. 


-Ball 


Type  "S"  motor— commutator 
end  ring  oiler  bearings 


Type 


"S"    motor — commutator 
end  ball  bearings. 

BALL  BEARINGS 

This  Company  was  the  first  to  introduce  in  this  country  a  complete  line 
of  electric  motors  equipped  with  ball  bearings,  and  is  today  the  only  com- 
pany offering  the  purchaser  the  option  of  either  ring  oiler  or  ball  bearings. 

CIRCULARS  MAILED   ON  REQUEST. 

No.  36.  Contains  full  description,  details  of  construction  and  efficiencj^ 
charts,  of  .the  Inter-Pole  Motors. 

No.  37.  Describing  and  illustrating  the  application  of  Inter-Pole  Motors 
to  modern  machines. 

No.  3S.     Ratings  and  dimensions  of  the  Inter-Pole  Motors. 
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Motors  (Did  Generators 


THE  OHIO-STERLING  CO, 

DAYTON,  OHIO 

DIRECT   CURRENT   MOTORS   AND   GENERATORS 


TYPE  R  MOTORS. 

The  type  "11"  motor  has  been  de- 
signed for  the  purpose  of  giving  a 
machine  readily  adaptable  for  group 
dri\e  as  well  as  for  individual  drive  of 
machines.  It  is  suitable  for  any  form 
of  mounting  or  connection,  for  tran.s- 
mitting  its  power  by  belt,  gear,  or 
direct  connected  drive,  and  requires  a 
minimum  of  attention.  Its  design  i.s 
such  as  to  insure  the  highest  efficiency 
under  all  loads,  and  low  temperatiires 
and  perfect  commutation,  even  under 
the  most  severe  conditions  of  service. 

Type  "R"  motors  will  be  furnished 
shunt,  series,  or  componnd  wound  for 
an\-  >t;iiid:ir(l  |)()lcnti:il.  1  10,  2_'(),  or  500  volts.  If  arranged  for  belt  drive, 
they  will  be  furnisheil  with  belt  tightening  rails.  The  design  of  the  bearing 
is  sucli  that  the  motor  can  be  mounted  on  floor,  wall  or  ceiling  merely  by 
turning  the  bearing  brackets. 

In  order  to  secure  a   machine  of  lighl    weight   and  small  dimensions  for 
its  rating,  type  "I{"   motors  up  to  and  including  3  H.P.  at    ISOO    R.P.M. 
have  frames  built  up  from  punchings  of  high  grade  sheet  steel. 
Type  "R  "  motors  are  built  in  sizes  ranging  from  ^  to  30  H.P. 

VERTICAL  MOTORS. 

All  type  "R"  motors  can  be  built  with  vertical  shaft.  As  the  success 
of  such  a  motor  almo.st  entirely  depends  upon  the  design  of  the  bearings, 
great  c;ire  has  been  taken  to  develop  a  con.struction  which  will  insure 
greut  reliability  and  long  life.  All  vertical  motors  are  built  with  l)all- 
l)caring  thrust  and  collar  bearings  and  ha^■e  automatic  lubrication. 

BACK  GEARED  MOTORS. 

It  often  happens  that  it  is  necessary  to  use  a  motor  of  very  slow  speed. 
This  usually  means  usinp,  a  motor  of  low  efficiency  and  of  very  high  cost. 
I'nder  such  conditions  the  back  gear  attachment  has  proved  to  be  of  great 
ad\antage.  All  type  "R"  motors  can  l)e  arranged  with  :i  countershaft 
attachment. 


GENERATORS. 

Type  "R"  generators  may  be  shunt  or 
or  compound  ^^■ound  for  any  normal 
\oltage:  120,  240  and  525  volts  are  re- 
garded as  standard.  These  generators  can 
be  arranged  foi'  (lfi\ing  by  Ijelt  or  for 
direct  connection  to  engines,  water  tur- 
bines, or  other  jninie  nioxers.  If  arranged 
for  belt  drixc  tiicy  will  be  supplied  with 
sliding  jjase  for  belt  tightening.  If  for 
direct  drive,  the  shafts  will  be  ])re]>;n('(l 
for  (iexible  or  solid  co\i]»lings. 

Special  attention  has  been  given  to  the 
developmetit  of  low  voltage  generators  lor 
tungsten  lighting. 

The  type  "P  "  generators  are  l)uilt  in 
sizes  ranging  from  '4'  to  25  K.AV. 
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Electric  Motors 


THE  ROBBINS  AND  MEYERS  CO. 

SPHINCFIRLI).    OHIO 

DIRECT  CURRENT  MOTORS  AND  GENERATORS 

STANDARD  MOTORS 

It  has  been  the  policy  of  this  Company  to  Ihuit 
its  sizes  of  motors  to  15  H.P.  and  under,  and  by  con- 
centrating its  attention  and  facilities  on  this  limited 
line  of  sizes  its  output  has  been  brought  to  a  high 
degree  of  perfection. 

In  addition  to  the  "Standard  Motors"  listed  below, 
we  manufacture  "Standard  Small  Motors"  in  sizes 
from  1/30  H.P.  to  1/4  H.P.,  and  a  large  variety  of 
Electric  Motor  Driven  Fans  for  either  alternating 
or  direct  current.  We  also  manufacture  Direct 
Current  Generators,  Dynamotors,  and  Motor-Gen- 
erating Sets  in  alternating  and  direct  current. 

The  products  of  the  Company  have  always  been 
characterized  by  extreme  solidity  of  construction 
and  durability  in  service,  and  every  motor  manufac- 
tured by  it  is  fully  guaranteed  to  deliver  its  rated  out- 
put successfully,  provided  it  is  kept  in  proper  condi- 
tion and  operated  normally  with  competent  supervision. 

The  frames  of  Standard 
Motors  are  of  the  protected  type 
with  laminated  pole  pieces  and 
core  (except  in  very  small  sizes), 
and  machine  wound  armature 
and  field  coils.  Sizes  above  No. 
1  have  four  poles  and  have  arma- 
tures ventilated  by  forced  draft. 
Special  attention  has  been  given 
to  the  accuracy,  solidity  ana 
insulation  of  the  comniutator 
upon  which  the  life  of  the  ma- 
chine largely  depends.  To  pro- 
vide for  belt  tightening,  our 
machines  are  mounted  on  steel 
slide  rods  set  in  a  substantial 
base  plate,  a  hand  screw  being 
provided  for  adjustment. 

For  protection  from  dust  and 
dirt,  the  motors  may  be  fur- 
nished witli  either  brass  wire 
gauze  or  soliil   iron  enclosures. 


Standard  Ventilated  Pro- 
tected Type  Multi-Polar 
Frames  Nos.  1,  1^  2,  3,  4, 
5,  7i,  10  and  12i 


GENERAL  TABLE  OF  STANDARD  MOTORS 


RATINGS  for  CONTINUOUS  SERVICE 
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Electric  Motors 


RELIANCE    ELECTRIC    & 
ENGINEERING  COMPANY 

lOol  n'ANHOE  ROAD,  CLEVELAND,  OHIO 


RELIANCE  ADJUSTABLE  SPEED  MOTORS. 
There  are  two  distinct  types  of  adjustable  speed  motors:  the  field  re- 
sistance control  type  requiring  the  use  of  an  electrical  controller,  and  the 
armature  shifting  type  using  no  controller.  Both  types  have  distinct 
fields  of  usefulness  and  we  are  prepared  to  furnish  both.  The  advantages 
and  characteristics  of  the  armature  shifting  type  of  motor  are  as  follows: 

1 .  No  electrical  field  resistance  controller 
is  required,  eliminating  all  sudden  voltage 
strains,  punctured  insulation,  break-downs, 
burned  controller  contacts,  open  field  cir- 
cuits and  damaged  motors. 

2.  An  infinite  number  of  speeds  over 
wide  speed  ranges  is  obtained  by  the  simple 
mechanical  device  of  shifting  the  armature. 
The    speed    change    is    smooth,    continuous, 

and    gradual,    and    is    capal)le    of    accurate    adjustment. 

8.  Con.stant  horsepower  capacity  at  all  speeds.  The  torque  increases 
practically  in  direct  proportion  to  the  decrease  in  speed. 

4.  Heavy  overload  capacity  with  perfect  commutation  at  all  speeds 
in  either  direction  of  rotation,  without  shifting  the  brushes.  This  is  due 
to  the  use  of  commutating  poles  and  to  the  additional  fact,  charactedstic 
of  the  armature  shifting  type  of  motor  alone,  namely,  that  with  a  given 
current  in  the  armature,  the  field  ditstortion  at  high  speed  with  weak  mag- 
netic field  is  practically  no  greater  than  at  low  speed  wath  full  magnetic 
field. 

5.  When  set  for  any  given  speed  the  motor  maintains  a  constant  speed 
under  varying  load.  In  fact,  the  drop  in  speed  from  no  load  to  full  load 
at  any  speed  is  exceedingly  small,  comparing  favorably  with  the  best 
constant  speed  motor  practice.  When  set  for  a  given  speed,  the  motor 
can  be  stopped,  started  or  reversed  as  often  as  is  necessary  w^ithout  in  any 
way  affecting  the  speed  setting. 

6.  As  the  speed  control  is  a  separate,  distinct,  mechanical  operation,  no 
complicated  wiring  is  required,  and  the  motor  i.s  wired  up  and  installed 
on  a  two-wire  circuit  in  exactly  the  same  manner,  and  with  the  same  type»s 
of  rugged  starting  equipment,  as  any  standard  direct  current  shunt  wound 
constant  speed  motor. 

7.  Rugged  automatic  starters  can  be  used,  requiring  merely  the  push- 
ing of  a  button  or  the  throwing  in  of  a  main  switch,  with  no  possible  chance 
of  abuse  to  either  motor  or  starting  equipment.  The  combination  of  our 
mechanical  method  of  speed  control  with  automatic  starters  gives  an  ad- 
justable speed  motor  which  is  absolutely  fool-proof. 

8.  By  the  use  of  steel  frames  and  economical  design  a  very  light, 
compact  motor  is  obtained  having  high  electrical  efhciency  and  especiallv 
adapted  for  mounting  directly  on  the  machine  it  is  to  drive. 

We  can  also  furni.sh  D.  C.  Constant  Speed  Reliance  Motors  and  Reliance 
Induction  Motors. 
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Electric  Motors 


RELIANCE  ELECTRIC  AND 
ENGINEERING  COMPANY 

AUTOMATIC  STARTERS— 

The  advantage  of  automatic  starters  with  lleHance  Adjustable  Speed 
Motors  can  not  be  overestimated.  This  feature  is  of  decided  value  in  case 
of  motors  used  for  the  individual  drive  of  machine  tools,  not  only  because 
of  the  elimination  of  all  abuse  to  the  motor  or  starting  equipment  by- 
careless  or  unskilled  operators,  but  also  because  of  the  saving  in  space  and 
all  unnecessary  Aviring  on  and  around  the  machine  tool. 

The  automatic  starter  can  be  located  on  a  post  or  wall  as  far  away 
from  the  machine  as  desired  with  absolutely  no  exposed  contacts  on  the 
tool  itself.  If  the  main  switch  is  located  on  the  tool,  this  is  furnished  in  the 
form  of  a  small  compact  drum  into  which  is  tapped  the  conduit  carrying  the 
wires.  If  automatic  starters  with  magnetic  swicthes  are  used,  the  only 
wires  on  the  tool  are  those  for  the  push  button  control  carrying  only  a 
fraction  of  an  ampere.  The  push  button  or  drum  switch  can  be  located 
at  the  most  convenient  point  on  the  tool  with  no  danger  of  giving  trouble. 

If  an  automatic  starter  of  the  series  current  control  type  is  used,  abso- 
lutely any  starting  condition  is  taken  care  of  without  abuse  to  the  motor. 
Whether  the  motor  is  started  light  or  with  the  tool  imbedded  in  the  heavy 
cut,  whether  the  armature  is  at  the  low  speed  or  high  speed  position,  or 
whether  the  armature  running  in  one  direction  is  thrown  directly  on  the 
reverse,  the  motor  is  never  injured  and  is  brought  up  to  speed  in  the 
shortest  time  consistent  with  the  conditions,  but  always  with  an  absolute 
safe  limitation  of  the  armature  current.  There  can  be  no  blowing  of  fuses, 
flashing  of  brushes  or  damaged  motors  and  starters, 

With  automatic  starters  it  i.s  also  possible  to  use  a  powerful  dynamic 
brake,  causing  quick  stopping  of  the  motor  and  spindle  of  the  driven 
machine.  This  is  a  big  time  saver  in  calipering  work,  changing  tools  or 
setting  up  new  work.  Furthermore,  with  automatic  starters  the  operator 
has  no  hesitancy  in  stopping  and  starting  the  motor  at  every  opportunity 
during  any  period  of  non-use,  whereas,  with  the  less  convenient,  more 
troublesome  hand  starters,  the  motor  is  frequently  allowed  to  run  at  all 
times  unnecessarily  wasting  power. 

RELIANCE  SPEED  DIAL— 

The  Reliance  Speed  Dial  is  a  device  for  use  with  the  Reliance  Adjustable 
Speed  Motor  so  as  to  permit  of  instantly  setting  the  speed  of  the  motor 
to  give  any  desired  results  at  the  cutting  tool.  This  device  is  in  the 
nature  of  a  circular  .slide  rule  and  takes  into  account  all  the  variable  fact- 
ors in  a  machine  tool,  such  as  the  ratio  of  the  drive,  size  of  the  work,  as 
the  diameter  of  turning  on  a   lathe,   and  the  cutting   speed   de.sired. 

The  Reliance  Speed  Dial  not  only  serves  as  a  guide  in  .setting  the  .speed 
accurately,  but  is  always  in  plain  sight  as  a  definite  indication  to  the  fore- 
man or  inspector  of  the  speeds  in  use  by  the  operator.  The  Reliance  Speed 
Dial  can  be  furnished  with  proper  scales  for  use  on  lathes,  boring  mills, 
millers,  shapers,  .slotters,  drills,  pipe  threading  machines,  and,  in  fact, 
any  type  of  machine  tool  on  which  speed  changes  are  employed. 

RELIANCE  ENGINEERING  SERVICE— 

We  are  making  a  specialty  of  motor  applications  and  are  prepared  to 
design  and  furnish  all  parts  necessary  for  converting  any  machine  from 
belt  to  motor  drive.  We  are  also  prepared  to  design  motor  drives  for  new 
machines. 
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SIEMENS  &  HALSKE,  A.  G.,  BERLIN. 
SIEMENS-SCHUCKERTWERKE,  G.   m.   b.  H.,  BERLIN. 
SIEMENS  BROTHERS  &  CO.,  LTD.,  LONDON. 
SIEMENS  BROTHERS  DYNAMO  WORKS,  LTD.,  LONDON. 


FOREIGN  BRANCHES   OF  THE  SIEMENS   CONCERN. 


Calcutta 

Bombay 

Madras 

Singapore 

Penang 

Rangoon 


Soerabaya 

Shanghai 

Tsingtau 

Tientsin 

Hankow 

Tokyo 


Hakodate 

Moji 

Osaka 

Chemulpo 

Tairen 

Johannesburg 


Cape  Town 

Sydney 

Melbourne 

Toronto 

Mexico 

Buenos  Aires 


Montevideo 
Valparaiso 
Santiago   de   Chile 
Antofagasta 
Concepcion 
Rio  de  Janeiro 


For  information  regarding  export,  address  Dr.  K.  G.  Frank,  90  West  St.^  N.  Y 


Electric  Lighting  and 
Dynamos  and  Motors 
current. 


Three-Phase  Transformer, 

12,500  K.V.A., 

5000/42000  Volts 

Sniall    Motors    for 

Projectors  Arc  La 
Motor  Cars. 


Power  Transmission, 
for  direct  and  alternating 

Transformers. 

Installationof  complete 
and  Central  Stations. 

Electric  Stations  in 
Mines  and  Iron 
Works. 

Light  and  Power  Sta- 
tions in  Factories, 
Industrial  Works, 
etc. 

Electric  Tramways, 
Elevated  and  Under- 
ground Railways. 

Electric       Equipments 
for  Naval  and  Mari- 
time purposes, 
driving     domestic     machinery,    Fan 
mps,  Metal  Filament  Lamps,  etc. 


Electric  Drive  of  a  RevP'-sing  Rolling 
Mill.    Maximum  Output  15,000  H.P. 


Turbo-generator,  7500  K.V.A., 
5250  Volts 


Cables,    Light 


Automatic  Telephone  Exchange 


Instruments  for  Switchboards,  Laborato- 
ries and  all  kinds  of  Testing. 
Thermometers  for  Registration  at  a  dis- 
tance     for     industrial    purposes,      for 
temperatures   from    200    C.   up  to  any 
desired  value. 
Electro  medical  apparatus. 
Telegraph     and     Telephone     apparatus, 
Loud  Speaking  Telephones,   Telephone 
Exchanges. 

Signalling  Apparatus,   Gongs,  Bells,   Motor  Horns,  Sirens. 
Dial   Telegraphs   for    Naval,    Railway  and   .Mining  Pur])o.ses.     Water  Level 

Indicators  (for  recording  at  a  distance),  S])eeil  Indicators,  Tachometers. 
Fire  Alarms,  Watchman's  Control  Apparatus. 
Electric  Clocks. 

Dry  and  Wet  Cells,  Lightning  Arresters, 
Mine  Exploders,  Installation  Material. 
Cables  for  Telegraph  and  Telephone   In- 
stallations. 
Ozone    Apparatus;    I'Tectric    Steel    Fur- 
naces;   Chloride    of    Lime    and    Soda, 
Bleaching  and  Carbide  Installations. 
Watermefers  for  Municipal  and  Tndu.strial 

purposes.  Switch  Board 
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H  iijh  Speed  Steel 


EDGAR   ALLEN  AND  COMPANY,  Ltd. 
IMPERIAL  STEEL  WORKS 

SHEFFIELD,  ENGLAND 
NEW  YORK  PITTSBURG  BOSTON  CHICAGO 

HIGH  GRADE  TOOL  STEELS 


NEW  HIGH  SPEED-STEEL  —  ALLEN'S  "IMPERIAL  SPECIAL." 

Engineers  now  have  the  opportunity  of  using  a  much  more  durable 
steel  than  the  best  high-speed  steel  hitherto  used.  This  they  will  find  in 
our  "Imperial  Special,"  which  may  be  either  air  hardened,  oil  hardened, 
or  water  hardened. 

This  steel  will  cut  much  harder  materials  than  can  be  cut  with  tools 
made  of  ordinary  best  high-speed  steel,  and  heavier  cuts  may  be  taken  or 
machines  may  be  driven  at  accelerated  speeds  when  (in  either  case)  it  is 
found  economical  to  do  so.  "Imperial  Special"  will  also  wear  much  longer 
than  ordinary  best  high  speed  steel  before  requiring  to  be  re-ground. 

ALLEN'S  HIGH-SPEED  AIR  HARDENING  TOOL  STEEL. 

Allen's  High-Speed  Tool  Steel  can  be  used  at  greatly  increased  feed  and 
speed  as  compared  with  ordinary  tool  steel,  and  is  adapted  to  the  following 
purposes:  ^lilling  Cutters  of  all  kinds,  including  those  of  the  most  delicate 
con.struction;  Taps,  Reamers,  Drills,  Threading  Tools,  Counterbores,  End 
Mills.  Hollow  Mills,  Gear  Cutters,  Slotting  Cutters,  Machine  Knives,  Screw 
Machine  Tools,  Punches  and  Dies  for  Punching  Sheet  Metal,  Lathe  and 
Planer  Tools. 

Tools  made  from  this  steel,  when  properly  hardened,  will  retain  keen 
cutting  edges  and  produce  work  of  any  desired  finish.  Since  Allen's  Air- 
Hardening  Steel  Tools  are  intended  to  be  run  at  greatly  increased  feed  and 
speed,  they  should  be  made  as  strong  as  possible,  and  given  a  good  backing, 
as  the  .strain  upon  them  is  naturally  A'ery  great.  To  insure  the  best  results, 
these  tools  should  be  ground  on  a  wet  grindstone. 

OTHER  SPECIAL  STEELS. 

r)ther    high-grade    special    steels     manufactured    by    Edgar    Allen    and 
Company,  Limited,  are  as  follows: 
Allen's  Imperial  Cast 

Extra  Refined,  Class  E. 
Mining  Drill,  solid  and  hollow  sections 
High-Speed  Twist  Drills 
Turner's    Iron  Fibred  Steel 


Tool  Steel 


THE    COLONIAL    STEEL    COMPANY 

I'l  ITSBLRG,   PENNSYLVANIA 


HIGH  GRADE  STEEL 


COLONIAL  HIGH  SPEED  STEEL,  OIL  HARDENING 

This  steel  is  especially  adapted  for  the  heaviest  cuts  at  highest  possible 
speeds.  It  is  the  result  of  seven  years  careful  work  and  study  by  expert 
tool  steel  makers  and  is  now  at  the  highest  point  in  efficiency.  Annealed 
unless  otherwise  specified. 

COLONIAL  BEST  TOOL  STEEL,  WATER  HARDENING 

This  is  an  alloy  steel  and  is  especially  adapted  for  use  where  fine  finishing 
cuts  are  required,  such  as  forming  tools,  cutters,  hobs,  blanking  dies,  etc.. 
and  threading  dies.  It  is  also  suitable  for  all  lathe  and  cutting  tools  where 
machines  are  not  equipped  to  work  at  the  very  high  speeds  which  require 
High  Speed  Steel.  For  many  purposes  it  will  be  found  the  most  desirable 
steel  to  use. 

COLONIAL  NO.  7  TOOL  STEEL,  WATER  HARDENING 

This  steel  is  made  from  the  best  iron  obtainable,  and  contains  a  slight 
proportion  of  alloy,  added  to  give  additional  strength  and  toughness  to  a 
high  temper  tool.  It  is  especially  suited  for  cutting  tools  of  all  kinds, 
drills,  reamers,  dies,  taps,  etc.  Because  of  its  great  toughness  it  is  also 
our  best  steel  for  punches,  dies  of  all  kinds,  and  for  pneumatic  tools.  All 
bars  carried  in  stock  are  annealed  except  squares  and  octiigons.  Hardens 
in  water. 

COLONIAL  SPECIAL  TOOL  STEEL 

This  is  the  very  best  grade  of  straight  carbon  tool  steel  manufactured. 
Nothing  but  iron  is  used  for  melting  stock,  and  that  iron  the  best  to  be  had, 
free  from  all  impurities.  This  steel  is  very  low  in  phosphorus  and  in  sul- 
phur, making  it  exceedingly  durable  and  not  liable  to  break  or  crack  in 
hardening.  It  is  suitable  for  tools  of  all  kinds  and  for  all  purposes.  Fur- 
nished in  five  tempers  to  meet  different  needs. 

RED  STAR  TOOL  STEEL 

A  standard  grade  of  tool  steel  for  all  ordinary  purposes,  made  from  a 
high  grade  of  iron  and  finished  with  great  care.  In  quality  it  ranks  next 
to  our  Colonial  Special.     Made  in  three  tempers. 

ANCHOR  TOOL  STEEL 

A  good  grade  of  tool  steel  for  ordinary  purposes  where  a  high  grade  is 
not  necessar5^  For  blacksmith  work,  hammers,  sledges,  hand  chisels, 
and  similar  tools,  it  gives  excellent  results,  and  for  such  purposes  we  recom- 
mend it. 

RED  STAR  DRILL  STEEL 

Especially  adapted  and  manufactured  for  drilling  hard  rock.  It  is 
used  in  all  the  mining  camps  of  the  United  States,  Canada,  and  Mexico, 
and  is  everywhere  giving  the  utmost  satisfaction. 

GUARANTEE 

Any  steel  proving  defective,  when  used  for  the  purpose  ordered  will  be 
replaced,  but  no  claims  for  labor  or  damages  will  be  allowed. 
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^teel  mid  Steel  Forgings 


THE    COLONIAL    STEEL    COMPANY 

NICKEL     STEEL 

Colonial  Nickel  Steel  is  made  iu  small  furnaces  and  carefully  worked  to 
insure  an  even  and  regular  distribution  of  the  nickel.  Bars  are  hand  rolled 
or  forged  under  the  hammer.  We  are  prepared  to  guarantee  nickel 
steel  free  from  pipes  and  surface  cracks.  Furnished  in  three  tempers  of 
3^  per  cent  nickel.     We  also  manufacture  Nickel  Steel  Plates  and  Sheets. 

NICKEL    STEEL   BILLETS 

For  forging  purposes,  same  quality  and  tempers  as  above,  in  sizes  IJ 
inches  to  S  inches  square,  or  slabs  of  equivalent  area. 

NICKEL  STEEL  FORGINGS— 30  PER  CENT  NICKEL  STEEL 

Anti-corroding,  made,  by  the  crucible  process,  for  valve  stems  and  simi- 
lar purposes.     All  sizes  furnished. 

SHEET     STEEL 

For  tools  and  cutting  knives  of  all  kinds,   springs,  agricultural  imple- 
ments, etc.     Highly  polished  or  planished  surface  if  desired. 
Automobile  Frame  Sheets 
5-Ply  Jail  Bars 
5-PIy  Safe  Plates 

SOFT  CENTER  PLOW  STEEL 

Our  soft  center,  or  3  ply,  Plow  Steel  is  now  made  in  two  qualities.  The 
best  grade  is  made  by  the  Crucible  Process,  which  gives  the  more  uniform 
and  higher  quality  of  steel. 

By  the  Open  Hearth  process  we  make  a  cheaper  grade  known  as  "Beaver" 
brand  Soft  Center  Steel.  This  is  manufactured  with  great  care  from 
selected  iron,  and  will  take  a  high  polish. 

SOLID   PLOW   STEEL 

In  slabs,  and  cut  to  patterns 

FILE   STEEL 

Furnished  in  all  standard  file  sections. 


MISCELLANEOUS   STEELS 


Axe  Steel, 

In    Flat    and    Over- 
coat Shapes 
Agricultural  Punch 

and  Chisel  Steel 
Auger  Bit  Steel 
Bit  and  Jar  Steel 
Bush  Hammer  Steel 
Chrome  Nickel  Steel 
Coal  Auger  Steel 
Die  Blocks 
Discs 
Forgings 

In  the  Rough  or 
Rough  Turned 


Fork  Steel 
Granite  and  Coal 

Wedge  Steel 
Hatchet  Steel 
Hoe  Steel 
Hammer  Steel 
Ice  Plow  Steel 
Mattock  Steel 
Mining  Drill  Steel 
Nail  Die  Shapes 
Pick  Steel 
Pike  and  Cant  Hook 

Steel 
Pene  Hammer 
Saw  Tooth  Steel 
Sledge  Steel 


Smelter  Bar  Steel 
Spindle  Steel 
Set  Screw,  Crucible 
Set  Screw,  Open 

Hearth 
Shear  Steel 
Road  Scraper  Steel 

cut  to  shape 
Roller  Steel 
Crucible    and    Open 

Hearth  Steel  of 

every  description 


Die  Blocks 


We  make  a  specialty  of  Die  Blocks  for  drop  forging  work 
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steel 


WHEELOCK,  LOVEJOY  cV  COMPANY 

NKW  YORK  BOSTON 

HIGH  GRADE  STEEL 

Agents  Agents 

THOMAS  FIHTII  &  SONS.  LTD.,  GLOBE  WIRE  CO.,  LTD., 

SHEFFIELD,  ENG.  SHARPSBURG,  PA. 

FIRTH    STERLING    STEEL    COMPANY,  Polished  Drill  Rods,  Needle  wire 

PITTSBURG,  PA.  Drattm  steel  in  special  shapes 
Makers  Highest  Grade  Tool  Steel 

WEST  PENN  STEEL  CO.,  \A'EST  LEECHBURG  STEEL  COMPAN'Y, 

BRACKENRIDGE,  PA.  PITTSBURG,  PA. 

Cold  Rolled  .t  Electrical  Sheet  Steel]  Hot  and  Cold  Rolled  Strip  Steel 


HY-TEN   STEEL 


This  steel  is  of  high  tensile  strength  and  ehistic  limit,  especially  intended 
for  machine  tool  parts  where  good  wearing  qualities  combined  with  great 
strength  and  toughness  are  essential. 

A  complete  stock  is  carried  in  warehouses  for  prompt  shipment. 

FIRTH-STERLING  "BLUE~CHIP"  HIGH  GRADE  STEEL 

Suitable  for  Lathe  and  Planer  Tools,  Milling  Cutters,  Drills,  Reamers, 
Taps,  Cutting  and  Blanking  Dies,  etc. 

Blue  Chip"  High  Speed  Steel  is  carried  in  stock  in  the  following  sizes 
and  shapes: 

SQUARES,  J  in.  to  |  in.  Hard  Steel  ready  for  use. 
x,x  in.  to  3  in.  Annealed. 

ROUNDS,  f «  in.  to  10  in.  Annealed. 

FLATS,         f  in.  X  I  in.  to  5^  in.  x  |  in.  Annealed. 
I  in.  X  J  in.  to  3|  in.  x  2  in.  Annealed. 

Special  sizes  can  be  secured  promptly  front  the  mill. 


OTHER  FIRTH-STERLING  STEELS 

Other  high  grade  Firth-Sterling  Steels  carried  in  stock  by  Wheelock, 
Lovejoy  and  Company  are  in  part  as  follows: 

Firth's  Best  Tool  Steel,  (Water  Hardening)  a  strictlj'  high  grade 

carbon  tool  steel  for  general  service. 
Firth's  Best  Tool  Steel  Disks  can  be  furnished  promptly  from 

stock  in  sizes  up  to  10  in.  diameter,  any  length. 
Sterling  Tool  Steel.    This  steel  is  made  to  compete  with  the 

lower  grades  on  the  market,  and  will  compare  favorably 

with  them.    Carried  in  stock  in  Rounds,  Flats,  Squares 

and  Octagons. 


ALLOY    STEELS 


To  meet  the  increased  demand  for  steels  that  are  more  effec^^ive  than 
carbon  steels,  and  of  a  different  character  from  High  Speed  Steel,  we  have 
developed  the  following  which  we  now  recommend  for  various  purposes. 

Fu-th-Sterling  "Extra  Special"  Steel  "C  Y  W  Choice"  Steel 

Firth-Sterling  "Double  Special"  Steel         "A  W  Special"  Steel 
"Hold  Fast"  Magnet  Steel  Firth-Sterling  Finis  Steel 
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Electric  Welding  Equipment 


TOLEDO  ELECTRIC  WELDING  CO. 

TOLKDO,   OHIO 

TOLEDO  ELECTRIC   WELDERS 

For  Lap  Welding,  Tee  Welding,  Spot  Welding  and  Butt  Welding 

This  company  nianufactures  a  large  variety  of 
standard  and  special  welding  machines,  three  of  which 
are  here  illustrated.  Nos.  1  and  2  are  for  Ikitt  Weldinj;. 
The  operation  is  as  follows:  The  two  pieces  to  be  welded 
are  claini)ed  l)etween  two  heavy  vise-like  copper  jaws, 
set  from  oTie-fourth  to  one  inch  apart,  according  to  the 
si/e  of  stock  to  be  welded.  The  ends  of  the  rods  touch 
each  other.  The  current  is  switched  on,  and  in  a  few 
seconds  the  metal  reaches  a  white  heat.  By  means  of 
a  powerful  le\er,  the  ends  of  the  metal  when  in  a  semi 
Huid  condition,  are  forced  into  each  other,  thus  making 
a  homogeneous  mass  and  a  perfect  weld. 

Alternating  Current  is  required,  the  pressure  being  j^^,  j  Electric  Welder 
reduced  to  about  the  same  as  that  of  the  ordinary  dry  for  welding  Iron  and 
batterv  used  for  door  bells.  There  is  absolutely  no  steel  up  to '4"  Round, 
dangef  of  a  shock  to  the    operator.  ^p'to^°rr"und*^  ^wf 

In  places  where  current  cannot  be  purchased,  we  are  leo  lbs.  Floor  Space 
in  position  to  furnish  the  welding  generator  and  make  8"  x  14"  x  16"  High, 
the  complete  installation.  ^^vl'?^'^  w""^^'  ^^" 

"SPOT"    WELDING. 

'  'Spot  "  Welding,  or  Electric  Riveting, 
is  used  where  two  or  more  sheets  of  metal 
are  to  be  joined  together,  and  they  can 
ije  fused  and  welded  at  various  points 
quicker  and  better  than  by  drilling  or 
punching  holes  and  then  riveting. 

Spot  welds  will  stand  a  greater 
pulling  strain  than  an  equal  number 
of  rivets,  and  only  one  or  two  seconds 
is  required  to  make  one  weld. 

LIMITATIONS  OF  ELECTRIC 
WELDING. 
Butt  Welding: 

The  largest  machines  at  present  manu- 
factured  by  this  company  are  designed 
to  weld  round  stock  two  inches  in  dia- 
meter or  any  other  shapes  of  equivalent 
„     „  _,  ,  .         cro.ss  sectional  area. 

No.  3  Electric  Welder  for  Butt   Welding  ]-!rn«o    nr     ponner     rods     must      be    of 

Iron  and  Steel  any  Shape  up  to-' 4"  Round  iirass   or    copper    rods     mu^t      De    ol 

cr  Its  Equivalent  in  Cross  Section.  much  smaller  cross  sectional  area. 

"Spot"  Welding: 

Copper  and  brass  plates  can- 
not be  welded  together,  and  it 
is  impractical  to  weld  cast  iron, 
(lalvanized  iron  can  be  welded, 
although  the  zinc  burns  off  at 
the  point  of  the  weld. 

Sheet  Steel  or  Sheet  Iron,  in 
thickness  as  great  as  V4  inch, 
can  be  welded,  but,  owing  to 
the  difficulty  of  securing  per- 
fect contact,  the  best  results 
obtained  when  }/^  inch  or 
lighter  .stock  is  used. 

Catalogs  on  request. 

Spot  Welder. 
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Thermit  Welding 


GOLDSCHMIDT  THERMIT  CO. 

90  WEST  STREET,  NEW  YORK 

MANUFACTURERS    OF    THERMIT    WELDING     MATERIALS     AND    APPLIANCES,    AND 
ENGINEERS  AND  CONTRACTORS  FOR  WELDING  AND  REPAIR  WORK. 


RAIL  WELDING. 

'Jlic  Thcniiit  Process  offers  many  advantages  for  this  class  of  work 
owing  to  the  fact  that  it  permits  of  welding  the  entire  rail  section  and  abso- 
lutely eliminates  the  joints  from  the  track,  thus  giving  a  continuous  rail 
of  uniform  strength  and  electrical  conductivity.  It  greatly  prolongs  the 
life  of  tlie  rail  as  all  pounding  at  joints  is  done  away  with,  while  the  elec- 
trical  conductivity   is  permanent. 

The  process  not  only  permits  of  welding  ordinary  rail  joints,  but  also 
com])romise  joints  between  different  sections  of  rail. 

BUTT-WELDING   WROUGHT   IRON   AND   STEEL   PIPES. 

For  this  purpose  the  Thermit  Process  can  be  utilized  with  great  economy 
in  refrigerating  plants  and  high  pressure  steam  plants.  The  pipes  can  be 
butt-welded  after  they  are  laid  in  their  permanent  position  and  the  joints 
so  made  are  as  strong  as  the  pi|)e  itself.  Furthermore,  the  internal  diameter 
of  the  pipe  is  not  in  any  way  reduced. 

METALS  FREE  FROM  CARBON. 

By  means  of  our  patented  process  it  is  possible  to  produce  pure  Chromium, 
Manganese,  Molybdenum,  Ferro-Titanium,  Ferro-Vanadium,  Ferro-Boron, 
Manganese-Copper,  Manganese-Tin,  Manganese-Zinc,  Manganese-Titanium, 
and  a  great  many  other  metals  and  alloys  entirely  free  from  carbon. 
This  is  a  great  advantage,  as  by  using  these  metals  it  is  possible  to  add  as 
much  or  as  little  of  them  to  the  bath  as  may  be  desired  without  danger  of 
increasing  the  carbon  content.  They  are  more  uniform  in  quality  than 
any  other  metals  or  alloys  to  be  oI>tainetl  on  the  market. 

APPLICATIONS  OF  THERMIT  FOR  FOUNDRY  PRACTICE. 

Owing  to  the  great  amount  of  heat  evolved  by  the  Thermit  reaction,  it 
is  possible  to  use  the  process  for  reviving  dull  iron  and  steel  in  the  ladle, 
for  which  purpose  the  Thermit  is  supplied  in  cans  which  only  have  to  be 
keyed  to  a  wrought  iron  rod  and  thrust  into  the  ladle  at  which  time  the 
reaction  takes  place  under  the  surface  of  the  metal  treated,  and  the  tem- 
perature will  be  raised  to  a  marked  degree. 

Cans  containing  Titanium  Thermit  are  also  supplied,  which  not  only 
exert  a  heating  effect  but  also  a  purifying  effect,  increasing  the  fluidity 
and  quality  of  the  metal  treated. 

Special  pamphlets  giving  full  particulars  regarding  any  of  the  above 
apj)lications  of  the  process  may  be  had  on  application  to  the  Goldschmidt 
Thermit  Company,  90  West  Street,  New  York. 
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Thermit  Welding 


SOME  APPLICATIONS  OF  THE  THERMIT  PROCESS. 


Thermit  Weld  on  9"  Tee   Rail.     Entire  Rail 
Section  Welded. 


Appliances  in  Position  for  Weld- 
ing Broken   Electric  Motor   Case. 


Thermit  Weld  on  Locomotive  Frame. 


Pipe  Welding  by  the  Thermit  Process 
in  Trench. 


Stern   Frame  of  S.S.   Moses  Taylor. 

John  Mitchell  &  Co.   Owners.  Welded 

with  Thermit. 


i 

1 

3" 

765  j 

10"  Crank  Shaft  for  Electrical  Unit  of  Binghamton 

Railway  Co.,   Binghamton,   N.   Y.,  repaired  by  the 

Thermit      Process.         Surplus     Metal     Afterwards 

Removed. 


Can  Filled  with  Thermit  Used 

for  Reviving  Dull  Iron  in  the 

Ladle. 
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Droy  Forging  Machinerij 


THE 
BILLINGS  lV  spencer  COMPANY 

HARTFORD,    CONNECTICUT 

DROP    FORGINGS,    AND    DROP    FORGING    MACHINERY 


The  B.  &  S.  Patent  Improved  Drop-Hammers.  Our  latest 
])roiUictioii,  Model  "C,"  embodies  all  the  improvements  de- 
rived from  40  years'  experience  in  the  drop-forging  business. 
It  has  been  thoroughly  tested  in  our  own  drop-shop.  It  con- 
tains a  number  of  features  never  before  used  on  a  drop  hammer, 
all  of  which  heightens  its  efficiency.  It  has  an  improved  Board 
Clamp  at  extreme  top  away  from  oil;  improved  Bronze  Bearings 
on  friction  rolls;  improved  form  of  Upright  Solid  throughout; 
all  adjustments,  including  head,  are  made  from  the  floor;  the 
patent  automatic  trip  is  an  improvement  on  anything  of  the 
kind  yet  tried.  We  invite  inspection  of  these  Drop-Hammers 
at  our  Hartford  Works.  Illustrated  catalog  describing  these 
Hammers  fully  sent  on  request. 


Tlie  B.  &  S.  Improved  Trimming  Presses  have  been  recently 
redesigned  to  meet  the  requirements  of  the  modern  forging 
j)lant.  The  frames  are  extra  heavy  throughout.  The  chuck, 
the  plunger,  and  cutters  are  our  latest  improved  design.  These 
l^resses  have  ample  bearings  and  provision  for  proper  lubrica- 
tion. 


The  B.  &  S.  Improved  Hot  Saw.  A  new  and  improved  model 
that  has  been  well  tested  in  our  own  shops,  and  has  proved  a 
valuable  and  efficient  machine  for  its  purpose.  It  will  quickly 
cut  hot  bar  stock  up  to  its  capacity,  3  inches  in  diameter.  It 
is  simple  in  design,  work  is  easily  adjusted,  the  bearings  are 
bronze  bushed  and  provided  with  chain-oilers. 


The  B.  &  S.  Improved  Trimmer-Miller  is  a  machine  of  entirely 
new  design  for  the  milling  of  irregular  outlines  and  the  draft 
or  clearance  of  trimming  press  dies.  It  is  also  adapted  for 
work  on  cutting-dies  of  all  kinds.  A  vertical  spindle  rotates 
in  the  center  of  the  longitudinal  and  transverse  table,  the  spin- 
dle is  provided  with  special  bronze  bearings,  which  have  an 
efficient  oiling  system.  Our  catalog  gives  full  details  of  the 
above  machines. 

The  B.  &  S.  Line  of  Machinists'  Tools  and  Stock  Forgings. 
We  manufacture  and  carry  in  stock  a  complete  line  of  tools 
adapted  to  use  in  the  shop  such  as  adjustable  and  8olid 
wrenches  of  all  kinds,  pliers,  screw-drivers,  hammers,  ratchet- 
drills,  lathe  dogs  ;ini!  lathe  tools,  machinists'  clamps,  and  a 
line  of  forgings  adapted  to  use  on  automobiles,  machinery, 
and  construction  work. 
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Sheet  Metal  Working  Machinery 


NIAGARA  MACHINE  AND  TOOL 
WORKS, 

BUFFALO,     -     NEW  YORK. 

MANUFACTURERS  OF  TOOLS  AND   MACHINES  FOR  WORKING   SHEET   METALS. 


NIAGARA    TOOLS. 


Our  line  of  tools  and  machines  for  working  sheet  metals  is  extensive, 
ranging  from  small  hand  tools  for  Tinsmiths  to  heavy  Power  Presses  and 
heavy  Sheet  Metal  Shearing  Machines.  Our  tools  have  been  carefully 
designed  to  make  them  best  adapted  to  the  work  for  which  they  are 
intended,  and  are  the  result  of  long  experience  and  careful  investigation. 

A  modern  factory,  superior  working  facilities  and  a  force  of  skilled  and 
expert  workmen  enable  us  to  produce  work  of  the  highest  class.  The 
materials  used  by  us  are  carefully  selected,  and  the  iron  castings  are  made 
in  our  own  foundry.  Each  article  is  subjected  to  a  thorough  examination 
and  test  before  leaving  the  factory. 

Our  tools  and  machines  are  presented  upon  their  merits,  and  we  solicit 
an  examination  and  trial. 


TINNERS'   SHEAR 


POWER    PRESS 


OUR    PRODUCT. 


Tinsmiths'  tools  and  machines. 

Sheet  Iron  Workers'  machines. 

Forming  Rolls. 

Stove  Pipe  and  Elbow  Tools. 

Tinners'  Snips. 

Sheet  Metal  Roofers'  Tools. 

Lever  Punches  and  Shears. 


Squaring  Shears  for  foot  power,  and 

belt  power. 
Presses,  Foot,  Screw  and  Drop. 
Power  Presses,  light  and  heavy. 
Rotary  Shears,  hand  anil  power. 
Gang  Slitters. 
Can  Making  Machinery. 
Dies  and  Special  Machinery. 


ASK  FOR  CATALOGUE. 
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Braiding  and  Insulating  Machinery 


NEW  ENGLAND  BUTT  COMPANY 

PROVIDENCE,  R.  I. 

Kun)|K';ui  Agents:  Sclsoii  Enj^iuofriiiy  CoiniKiiiy,  I^td.,  Lotidou,  England 

MANUFACTURERS     OF     BRAIDING     MACHINERY.     MACHINERY     FOR      INSULATING 
WIRES  AND  CABLES. 


Single  Deck  16x20x24. 
No.  1  Cable  Braider. 


for    taping 


BRAIDING  MACHINERY 
American  and  German  Type 

Used  for  making  plain  and  fancy 
Ijraids  for  dress  trimmings  and  millinery, 
round  and  flat  shoe  laces,  soutache 
l)raids,  candle  wicking,  tapes,  cords, 
banding,  clothes  lines,  fish  lines,  pack- 
ing, gas  tubing  and  rubber  hose,  round 
and  fiat  elastic. 

Sash  Cord  Braiders  for  making  solid 
sash  and  curtain  cord  of  various  sizes. 

Sash  Cord  Finishers  for  polishing  solid 
sash  cord. 

Silk  Covering  Machines  for  covering 
cotton   with  silk. 

Braid  Spooling  and  Measuring 
Machines. 

Rubber  Spreading  Machines,  built 
of  any  desired  width  for  applying  a 
thin  coating  of  rubber  to  cloth. 


INSULATING  MACHINERY. 
Single,  Double  and  Triple  Deck  Braiders. 

These  are  made  in  all  sizes  and  com- 
binations for  covering  wires  from  small 
sizes  up  to  large  cables. 

Magnet  Wire  Machinery  for  silk  and 
cotton  covering  arranged  to  handle 
round  and  fiat  wires. 

Annunciator    Wire    Winders,    Single, 
Double  or  Triple  Deck. 
wires    or    cables    with    paper    or    other 


Taping    Machinery 
materials. 

lN)lishing  Machines,  for  insulated  wires  and  cables  from  the  small  sizes 
up  to  3"  cables. 

Wire  Measuring  Machines. 

Twinning  Machines. 

Rubber  Strip  Covering  Machines,  for  applying  rubber  insulation  to 
wires  and  cables  with  either  single  or  double  seam.  These  machines  are 
built  in  several  sizes  and  handle  from  one  up  to  twenty  wires  at  a  time. 


9G 


Braiding  and  Insulating  Machinery 


NEW  ENGLAND  BUTT  COMPANY 

MACHINERY  FOR  THE  MANUFACTURE  OF  WIRE  ROPES  AND  CABLES 


7  REEL  HIGH  SPEED  STRANDING  MACHINE. 

In  this  type  of  machine  the  reels  are  carried  in  stationary  cradles  hangina; 
at  the  center  of  the  machine  and  the  frame  revolves  about  them. 

By  this  construction,  the  machine  being  perfectly-  balanced,  a  very  higli 
speed  is  attainable.  It  is  built  in  several  sizes  from  small  machines,  for 
making  the  initial  strands  of  small  wire  ropes,  up  to  large  laying  machines 
holding  2000  lbs.  to  each  reel.     It  is  also  built  for  making  19  wire  strand. 


24  REEL  HORIZONTAL  CABLING  MACHINE. 

This  machine  is  of  the  planetary  type  in  which  the  reels  are  kept  in  a 
vertical  position  by  means  of  cranks  and  an  eccentric  ring  at  the  rear  of 
the  machine. 

It  is  built  in  single  heads  or  in  tandem  form  with  any  combination  of 
heads  and  is  used  for  making  cables  of  concentric  strand  and  also  for 
armoring  cables. 

We  are  prepared  to  furnish  this  type  of  machine  in  a  large  variety  of 
sizes. 

Take  up  Fixtures  for  the  above  machines  are  built  in  either  the  single 
drum  or  the  double  grooved  drum  types. 

Wind  up  Reel  Fixtures  with  automatic  and  adjustable  traverse  motions 
can  be  furnished  suitable  to  handle  anv  size  of  reels. 
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Wire  Mill  Equipment 


THE  TURNER,  VAUGHN  AND 
TAYLOR  COMPANY 

(  I  YAHOGA  FALLS,  OHIO,    U.    S.    A. 

ENGirTEERS  AND  MANUFACTURERS  OF  COMPLETE  WIRE  MILL  EQUIPMENT 


18  Spindle  Timber  Rod  Frame 
Equipped  with  Patented  Safety  Block  Stop  and  Continuous  Chain  Pull-in 


Cleaning 
House 


Wire 
Drawing 
Depart- 
ment 


Tubs  (Acid,  Water,  | 

Lime) 
Trucks— "V"  End 
Cranes — (Steam  or  Air) 
Yokes  and  Pins 
Rust  Racks 
Bakers 
Tanks  (Acid) 

Trucks 

Rod  Frames— 24  inch  to 

30  inch  blocks 
Redraw  Frames — 12  inch 

to  20  inch  blocks 
Fine  Frames — 6  inch  to 

8  inch  blocks 

[Muffle  or 
Furnaces       I      Pot 

[Annealing. 
Furnaces — Blueing 
Lathes — Die  Reaming 
Pointers 

Plates  and  Wordles 
Scrap  Shears 
Scrap  Bundlers 
Reels — Iron  or  Wood 


Galvaniz- 
ing 

Depart- 
ment 


Tinning 
Depart- 
ment 


Fine 
Wire 
Depart- 
ment 


Reels 

r  Annealing 
Furnaces    •      Lead  or 

I     Retort 
Furnaces — Spelter 
Water  and  Acid  Boxes 
Takeup    J     Skekton 
Frames     ^axj^gheave 


f  Reels 

I  Furnaces 

■I  Water  and  Acid  Boxes 

j  Frames 

[  Trucks 


Reels 

Tubs  or  Crocks 
\  Frames 

Troughs 
[  Trucks 
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Machme  Screws 


DETROIT  SCREW  WORKS 

DETROIT,  MICH. 

SCREW  MACHINE   PRODUCTS. 
ROUND,   SQUARE   AND   HEXAGON  IRON;  WIRE  AND    DRILL    RODS;    BESSEMER 
STEEL    RODS;        BRIGHT    DRAWN,   SOFT   AND    FREE    CUTTING   SCREW  STOCK, 
IN  STRAIGHTENED   BARS   OF  ALL  SIZES. 


We  illustrate  herewith  a  few  specimens  of  our  standard  and  special 
prodiicts.  In  addition  to  the  screw  machine  products  here  enumerated, 
we  are  thoroughly  equipped  for  the  manufacture  of  all  classes  of  turned 
parts,  from  the  small  pieces  which  enter  into  the  construction  of  electrical 
appliances,  watches,  clocks,  etc.,  to  the  larger  pieces  required  for  auto- 
mobiles, gas  and  steam  engines,  etc. 

Estimates  submitted  on  receipt  of  specifications  and  blue  prints  or 
samples  for  any  kind  of  special  work. 

Following  is  a  list  of  the  standard  articles  of  which  we  constantly  main- 
tain a  full  stock  of  all  popularly  used  sizes: 
Boiler  Patch  Bolts 
Cap  Screws,  Flat  and  Button  Head 
Cap  Screws,   Hexagon  and  Square  Head 
Cap    Screws,    Round   and    Fillister  Head 
Castellated  Nuts 
Collar  Screws 
Coupling  Bolts 
Gear  Blanks 

Hand  Screws,  Improved  Reno 
Machine   Screws,   Brass  with   Flat, 

Round  or  Fillister  Heads 
Machine    Screws,    Iron,    with    Flat, 

Round  or  Fillister  Heads 
Mixed  Metal  Screws 
Nuts,  .Square  and  Hexagon  Machine 

Screw 
Nuts,  Malleable  Iron  Thumb 
Nuts,  Cold  Punched,  Chamfered 

and  Trimmed,  Jam  Hexagon 
Nuts,   Finished  and  Case-hardened 

Hexagon 
Nuts,  Finished,  Case-hardened  and 

Semi-finished  Hexagon 
Planer  Head  Bolts  and  Nuts 
Planer  Head  Bolt  Washers 
Plugs 

Set  Screws,  Iron 
Studs,  Milled  Iron 
Taper  Pins 

Thumb  Screws,  Malleable  Iron 
Thumb  Screws,  Drop  Forged 
Thumb  Screws,  Knurled  Head  Samples  of  Special  Work. 
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Bolts  and  Screws 


AMERICAN  SCREW  COMPANY 

PROVIDENCE,   R.   I. 

MAKERS    OF    WOOD     SCREWS,    MACHINE    SCREWS,    STOVE    BOLTS,    TIRE    BOLTS. 

RIVETS,    ETC. 


Flat  Head    Oval  Head 


Drive  Screw  Round  Head 


WOOD  SCREWS 

Flat  and  Round  Head  Wood  Screws 
are  regularly  made  in  Iron  in  the  fol- 
lowing sizes,  and  in  Brass  in  sizes  of 
approximately  the  same  variety ;  other 
kinds  of  Wood  Screws  are  made  in  the 
sizes  commonly  used. 


Lengtli \ 

Min.  Dia. . .       0 
Max.  Dia. . .      4 

Length 1  2 

Min. Dia... '^  5 
Max.  Dia...     24 


0 
9 

2i 
5 
24 


i 

1 
12 

2\ 
5 
24 


1 
14 

2J 
6 
24 


3J 


1 

IJ 

li 

If 

3 

3 

3 

5 

20 

24 

24 

24 

4 

i\ 

5 

6 

8 

12 

12 

12 

30 

30 

30 

30 

Intermediate  diameters  advance  as  follows:    [No.  0  123456789  10 
11  12  13  14  15  16  17  18  20  22  24  26  28  30 


MACHINE  SCREWS 

Flat,  Round,  and  Fillister  Head  Machine  Screws  are  regularly  made  in  Iron 
in  the  following  sizes,  and  in  Brass  in  sizes  of  approximately  the  same  variety: 

A        I       iV        J      A        I        f        1        1       ij      li      II       U 

222222234444  4 

16        24        24        24        24        26        34        34        34        34        34        34         34 
2\        2J        2|  3        Z\        Z\        31  4        4i        4i  5  6 

8  8  8  8        10        10        12        12        12        14        14        16 

30        30        30        30        30        30        30        30 


Length A 

Min.  Dia.  ..  2 

Max. Dia....  10 

Length If 

Min.  Dia....  6 

Max. Dia....  34 


34        34 


30 


Intermediate  diameters  advance  as  follows: 
Flat  Head 


30 
No. 


2  3  4  5  6  7  8  9  10  12  14  16  18  20  22  24  26  28  30  34 


Round  Head 


Fillister  Head 


Diameter  No. 


4.5 


9.10 


12 


14 


Threadsperin.  48.56.64    48.56        32.36.40    30.32.36    30.32    30.32.36    24.30.32    20.24    18.20.24 
16.18      20.22  24  26.28.30  34 

16.18.20    16.18        14.16.18        14.16  13 

Regular  Side  Knob  Screws  ^I^IIK  are  f  inch  No.  9,  24  thread. 
See  also  next  page. 
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Bolts  and  Rivets 


AMERICAN  SCREW  COMPANY 


Flat  Head 


STOVE  BOLTS 


m 


11 


1 


Round  Head 


-  \ 


Flat  and  Round  Head  Iron  Stove  Bolts  are  regularly  made  in  the  followinf; 
sizes: 


Diameter J 

Mln.  Length | 

Max.  Length 2 


A 

i 

A 

1 

i 

h 

i 

1 

i 

1 

\ 

6J 

6i 

6i 

3 

A        ^ 

I 

2        61        63I 

Thelengthadvancesbyeighthsof  aninchfromf  to  |,  then  by  quarters  to  6^. 

STOVE  RODS 
Stove  Rods  are  the  same  as  Stove  Bolts  in  every  respect  excepting  length- 
They  are  regularly  made  in  Iron  of  -h  and  \  diameter  in  length  from  7  to  40, " 
advancing  by  halves  of  an  inch. 

RIVETS 


Round 
Head 


Wagon  Box 
Head 


Oval  Counter- 

Counts'k.         sunk 


Cold-headed  Rivets  are  made  in  great  variety  of  styles  and  sizes  up  to  A  in 
diameter  and  6  in  length. 

MEASUREMENTS 

The  length  includes  the  head  of  Flat  Head  Screws,  Stove  Bolts,  and  Stove 
Rods ;  excludes  the  head  of  Round  and  Fillister  Head  Machine  Screws  and  Round 
Head  Stove  Bolts  and  Stove  Rods;  includes  the  countersink  of  Oval  Head 
Screws  and  about  half  the  head  of  Round  Head  Wood  Screws,  but  the  practice 
with  regard  to  Round  Head  Wood  Screws  is  not  uniform  with  all  makers. 

The  length  of  Rivets  is  exclusive  of  the  head  for  all  styles  with  a  right  angle 
under  the  head,  and  inclusive  of  the  countersink  for  countersunk  heads. 

The  diameter  of  Screws  is  measured  by  the  American  Screw  Gauge,  the  equiv- 
alent in  inches  being: 

0  .0578  5  .1236  10  .1894  15  .2552  22  .3474 

1  .0710  6  .1368  11  .2026  16  .2684  24  .3737 

2  .0842  7  .1500  12  .2158  17  .2816  26  .4000 

3  .0973  8  .1631  13  .2289  18  .2947  28  .4263 

4  .1105  9  .1763  14  .2421  20  .3210  30  .4526 

34    .5053 
The  diameter  of  Rivets  is  measured  by  the  Old  Standard  Birmingham 
Wire  Gauge,  the  equivalent  in  inches  being: 


000  .425 
00    .380 

0  .340 

1  .300 


.284 
.259 
.238 
.220 


.203 
.180 
.165 
,148 


10 

.134 

11 

.120 

12 

.109 

13 

.095 

See  also  preceding  page. 


14 

.083 

15 

.072 

16 

.065 

17 

.058 

18 

.049 
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Bolts  and  Xiits 


RHODE  ISLAND  TOOL  COMPANY 

PROVIDENCE,    RHODE  ISLAND 

COLD  PUNCHED,  CHAMFERED,  TRIMMED  AND  DRILLED  SQUARE  AND  HEXAGON 
WUTS;  SEMI-FINISHED,  (TAPPED  AND  FACED)  NUTS;  FINISHED  CASE  HARDENED 
NUTS;  CASTLE  NUTS;  MACHINE  BOLTS;  TAP  BOLTS,  'ROUGH  AND  MILLED;  COUP- 
LING BOLTS;  CAP  AND  SET  SCREWS;  LARGE  HEAD  CAP  SCREWS;  STUDS,  ROUGH 
AND  MILLED;  CHAIN  LINKS;  WASHERS;  PRESS  WORK;  FORCINGS;  EYE  BOLTS; 
TURN  BUCKLES;  WRENCHES;  SCREW  MACHINE  PRODUCTS. 


Chamfered,  Trimmed,   and  Drilled  Nuts  are  made  by  cold 
punching  special  material  and  have  smoothly  trimmed  sides. 


They  are  made  Square  and  Hexagon   and   can   be   furnished 
tapped,  if  desired. 


Semi-Finished  Nuts  are  the  same  as  the  above,  tapped  and     |.., 
faced  with  washer  finish  on  the  bottom. 


Finished  and  Case  Hardened  Nuts  are  finished  all  over  with 
round  top  and  then  case  hardened,  giving  a  mottled  effect. 


Castle  Nuts  are  semi-finished  with  three  slots  across  the  top 
for  cotter  pins.     They  are  also  made  with  crown  top. 


Nuts  of  special  form,  size,  and  thread,  are  made  to  suit  the 
requirements  of  the  customer. 
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Boltfi  and  Ktit.s 


RHODE   ISLAND  TOOL  COMPANY 


Machine  Bolts  are  furnished  with  Squiire  or 
Hexagon  Heads  and  Square  or  Hexagon  Nuts. 
Interchangeability  is  an  important  factor  and  this 
is  guaranteed  on  all  bolts. 


Studs  are  made  Rough  or  Milled.  The  ma- 
terial from  which  these  are  made  is  especially 
adapted  for  this  work  and  was  obtained  after 
exhaustive  tests.  It  is  uniform  in  quality  and 
its  physical  properties  give  it  the  strength  and 
toughness  which  are  so  essential  in  this  class  of 
material. 


Set  Screws  and  Cap  Screws  are  made  of  special 
screw  stock  and  particular  attention  is  given  to  finish. 
Round  or  Cup  Point  Set  Screws  and  Hexagon  Head 
Cap  Screws  are  carried  in  stock  in  large  quantities. 


Large  Head  Cap  Screws  are  also  carried  in  stock. 
These  screws  have  a  head  which  is  United  States 
Standard  in  size  giving  a  greater  bearing  surface. 
This  size  of  head  also  fits  a  Standard  Wrench. 


Machinists'  Wrenches,  Single,  Double 
End  and  Set  Screw  are  furnished  with 
milled  openings,  semi-finished  or  finished 
and  case  hardened.  The  Semi-Finished 
Wrench  is  made  with  milled  openings  and 
case  hardened  with  the  heads  polished. 
Special  Wrenches  can  be  made  to  advan- 
tage if  blueprints  are  submitted. 


Drop  Forgings  are  made  to  samples  or  prints  and 
prices  will  be  quoted  upon  request. 


Screw  Machine  Products  can  be  made  to  advantage  and  special  material  is 
used  on  this  class  of  work. 

All  of  the  above  articles  are  fully  set  forth  in  catalogue  showing  lists  and  com- 
plete line  of  products  and  will  be  mailed  to  anyone  interested. 
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Rivets 


THE  CHAMPION  RIVET  CO. 

ESTABLISHED  1895 

CLEVELAND,  OHIO 

MANUFACTURERS  OF  BOILER,  SHIP  AND  STRUCTURAL  RIVETS 

VICTOR  STEEL  RIVETS 


The  Champion  Rivet  Company  invites  the  closest  inspection  of  the  quahty 
of  Open  Hearth  Steel  used  in  the  manufacture  of  Victor  Rivets,  and  we  have 
given  in  our  catalog  fac-simile  of  chemists'  reports  and  tests  from  laboratories 
of  the  highest  standing. 

Open  Hearth  Steel  fulfills  every  requirement  for  a  rivet  steel.  This  is 
amply  proved  by  the  use  of  Victor  Rivets  in  the  most  important  works,  and 
by  the  numerous  tests  which  we  offer  in  our  catalog. 


TYPICAL  ANALYSES 


OSCAR  TEXTOR 


OSCAR  TEXTQR. 


■  ■ 

^a^ 

r£*<r^.'i7i^.',<?^^'r' 

~"~ '  Jj^j/ULt 

et-l 

"im/^jfri^-J^K^ir^ 

^     .o/T 

-  X^/sL- 

.  -.-..       -  -  - 
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ACTUAL  RESULT  OF  TESTS 
Ten  Samples  of  Victor  Boiler  Rivets 


SAMPLE  MARK 

Diameter 

of  Bar 
In  Inches 

Elastic  Limit 

In  pounds 

per  square 

In. 

Ultimate 

Tens. 

Strength  In 

pounds 

per  square  In. 

Elonga- 
tion In  8 
Inches 
per  cent. 

Reduc- 
tion of 
Area  per 
cent. 

Charac- 
ter of 
Fracture 

Steel  Rivet  Bar  No 

1 

1.100 

38210 

49840 

35. 

61.7 

Silky 

2 

1.100 

37650 

50880 

35. 

62.3 

3 

.895 

32430 

46735 

31.2 

62.9 

4 

.985 

33532 

54320 

33.7 

66.5 

5 

.735 

37720 

55070 

33.7 

66.5 

6 

.605 

43150 

53540 

29.5 

66.6 

7 

.480 

40630 

50030 

32.5 

62.2 

8 

.675 

34090 

51710 

28. 

64.9 

ic                 ' 

9 

.670 

33760 

53190 

30.7 

72.7 

"         ' 

10 

.855 

31350 

50340 

30. 

67.1 

" 

Steel  Rivet  No.  1 .  . 

.855 

33710 

55380 

65.8 

"     2.. 

.855 

35220 

55300 

67.8 

SEND  FOR  CATALOG 
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Drills,  Taps,  Milling  Cutters,  Etc. 


MORSE  TWIST  DRILL  AND  MACHINE 
COMPANY 

NEW  BEDFORD,   MASS. 

TWIST  DRILLS,  REAMERS,  CHUCKS,  MILLING  CUTTERS,  TAPS,  DIES,  PLAIN  AND 
UNIVERSAL  GRINDERS,  SINGLE  AND  DOUBLE  TOOL  GRINDERS 


Morse  Taper  Shank  Twist  Drills  with  increase  twist 
or  constant  angle 


Patent  Constant  Angle  Twist  Drills  with  holes  through 
solid  metal  for  lubricant 


Milling  Cutters 


Reamers,  Taps  and  Dies  all  kinds 


Arbors 

Center  Kej^s 

Chucks 

Counterbores 

Countersinks 

Dies 

Disks  (Reference) 

Drill  Cases 

Drills 

Gauges 

Lathe  Centers 

Plain,  Universal,  Single 


Threading  Tools 
Machines  (Grinding,  etc.l 
Mandrels 

Metal  Slitting  Saws 
Milling  Cutters 
Reamers 
Screw  Plates 
Sleeves 
Sockets 
Taps 

Taper  pins 
Wrenches 
and  Double  Tool,  Grinders 


SPECIAL   MACHINERY 

We  are  well  equipped  for  the  building  of  special  tools  and  machines. 
Our  long  experience,  skilled  workmen  and  special  tools,  made  for  our  own 
use  give  unusual  facilities  for  the  production  of  original  work. 

We  are  always  glad  to  figure  on  special  work  and  solicit  correspondence 
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Tap6  and  Dies 


WELLS  BROS.  COMPANY 

GREENFIELD,  MASS.,   U.  S.  A. 

TAPS,    DIES,    SCREW   PLATES,   BOLT  CUTTERS  AND    NUT  TAPPERS,   REAMERS, 
GAUGES,  SPECIAL  TOOLS,  ETC. 


All  tools  bearing  our  name  and 
trade  mark  are  made  of  the  very 
best  material  obtainable  and  by 
mechanics  who  are  specialists  in 
their  line,  on  machines  of  the  most 
modern  construction.  A  great  many  of 
the  machines  were  designed  and  built 
for  our  especial  use  after  years  of  study. 

Every   article  is  carefully  inspected 
after  each  operation. 

Delicate  measuring  tools  are  used  ex- 
tensively. We  call  particular  attention  to  the  man- 
ner in  which  we  measure  our  taps.  We  list  in  our 
catalog  our  line  of  gauges  and  micrometers.  We 
measure  all  our  taps  on  the  angle  of  the  thread  which 
insures  accuracy,  as  the  angle  of  the  thread  does 
not  vary  as  the  top  or  bottom  does.  We  also  meas- 
ure them  on  the  thread  so  that  we  have  a  double 
check. 

All  tools  are  tempered  to  cover  the  widest 
possible  range  of  service.  They  are  guaran- 
teed against  fire  cracks  and  other  defects. 

The  list  below  indicates  in  a  general  way  the 
extent  of  our  products,  but  our  complete  cata- 
logs covering  respectively,  "Screw  Cutting  tools 
and  Machinery"  and  "Die  Holders  for  use  on 
Screw  Machines"  will  be  mailed  free  on  request. 


Bit  Brace  Taps,  Dies  and  Collets 

Bolt  Cutter  and  Nut  Tappers 

Bolt  Pointers 

Burring  Tools 

Butteris,  for  Horse-Shoers 

Chucks,  Bit  Brace  and  Round  Shank, 

Chuckstap  for  Bolt  Cutters 
Collets 

Countershafts 
Countersinks 
Dies,  all  varieties 
Drill  Holders 
Gauges 
Holders 
Nut  wrenches 
Reamers 

Screw  Plates  (adjustable)  Bolt 
Screw  Plates  (adjustable)  Pipe 
Stocks 
Tap  Chucks 

Tap  Wrenches  adjustable 
Tap  Lands  for  Open  Die  Bolt  Cutters 
Taps,  all  varieties 
Tire  Wheels 
Wrenches 


TAP 


DIES 


CAP,  DIE  and  GUIDE 


BOLT  CUTTERS  AND   NUT 
TAPPERS 

(Hand  or  Power) 


H 


H^^  kj^jti  K^ 


^ 


SCREW  PLATES 


DIE  HOLDERS 
For  use  on  screw  machines 
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Chucks 

ONEIDA  NATIONAL  CHUCK  COMPANY 

ONEIDA,  N.  Y. 

NAriO.<AL  IMPROVED  COMBINATION  AND  UNIVERSAL  LATHE  CHUCKS;  STEEL- 
REINFORCED  INDEPENDENT  LATHE  CHUCKS;  ONEIDA  2-JAW  LATHE  CHUCKS; 
ONEIDA  2-JAW  BOX  CHUCKS;  NATIONAL  SCROLL  CHUCKS;  FACE  PLATE  JAWS- 
NATIONAL  DRILL  CHUCKS;  NATIONAL  TURRET-HEAD  CHUCKS;  NATIONAL 
TAP  HOLDING  CHUCKS;  NATIONAL  BLACKSMITH  CHUCKS;  ROUND  BODY  DRILL 
CHUCKS;  SPECIAL  DRILL  CHUCKS;  PLANER  CHUCKS;  SPECIAL  CHUCKS 
TO  ORDER. 


i^teel  Reinforced  Lathe  Chuck 


Combination     and 

Universal  Lathe 

Chuck 


Steel-lieinforced  Reversible  Four-Jaw  Independent  Lathe  C'hucks  have 
a  solid  steel  ring  cast  firmly  into  the  body,  so  located  as  to  receive  the 
tensile  stress  imposed  by  the  tightening  of  the  jaws  on  the  work,  and  at  the 
same  time  furnish  a  durable  hardened  steel  seat  for  the  thrust  bearing  of 
the  screw,  relieving  the  body  of  the  stress  which  would  otherwise  bear 
down  upon  it. 

The  Combination  and  Universal  Lathe  Chucks,  with  reversible  jaw,  give 
five  distinctly  different  positions,  which  is  a  A'ital  iinprovement,  and  makes 
our  chuck  invaluable  for  holding  eccentric  work. 

NATIONAL  DRILL  CHUCKS. 

The  dotted  lines  in  this  cut 
represent  the  diameter  of  the  face 
of  the  ordinary  drill  chuck  com- 
pared with  that  of  the  "Nation- 
al." This  small  face  is  a  great 
advantage  when  using  small  drills, 
as  no  shadow  is  cast  on  the  work, 
and  the  workman  can  see  what 
he  is  doing. 

This  chuck  is  balanced  so  that  it  can  be  run  at  a  high  speed,  and  small  drills 
can  be  used  in  larg-e  chucks,  thus  enabling  one  chuck  to  do  the  work  of  two. 

There  are  no  sharp  corners  or  screw  projections,  and  the  open  construc- 
tion allows  dirt  and  dust  to  drop  out,  instead  of  becoming  imbedded  in  the 
working  parts  as  in  a  closed  drill  chuck. 

This  chuck  is  powerful,  simple  and  accurate,  and,  if  desired,  an  absolutely 
positive  drive  can  be  secured  by  flattening  the  end  of  the  drill  shank  as  it 
will  enter  positive  drive  slot  in  jaw  screwy  although  we  guarantee  it  to 
hold  a  drill  amply  strong  without. 
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Die  Castings 


DOEHLER  DIE-CASTING  COMPANY 

BROOKLYN,  N.  Y.,  U.  S.  A. 
DIE-CASTINGS. 


The  accompanying  cuts  are  photographic 
reproductions  showing  the  sharp  outHnes  and 
smooth  finish  of  our  castings.  These  die-castings 
are  made  in  steel  dies  by  our  patented  process, 
and  represent  the  modern  economical  way  of 
producing  finished  parts  rather  than  by  ma- 
chining. 

Parts  heretofore  considered  machine  impos- 
sibilities become,  by  our  process,  realities.  In- 
ventions shelved  as  impractical  or  too  costly  to 
produce  become  money  makers. 

Cheaper  production  on  intricate  parts  is  not 
the  only  saving  afforded  by  this  process.  Die- 
cast  parts  are  exactly  alike,  and  absolutely 
accurate,  so  that  time  gained  in  the  assembling 
room  is  an  important  factor. 

It  is  a  foregone  conclusion,  considering  the 
expense  of  a  steel-die,  that  parts  wanted  in  small 
quantities  usually  are  not  die-casting  proposi- 
tions. Cast-iron  parts  with  little  machining  do 
not  prove  any  saving,  the  handicap  on  the  cost 
of  material  is  too  great  to  o^■ercome  to  make  an 
attractive  showing. 

Generally  speaking,  intricate  parts  made  in 
brass  and'  used  in  large  quantities  yield  the 
greatest  saving.  However,  circumstances  and 
individual  cases  differ  so  much  that  no  general 
rule  can  be  outlined  and,  therefore,  we  gladly  give 
our  advice  on  any  part  at  any  time,  or  enter  into 
correspondence  on  all  subjects  relating  to  die- 
casting  with  parties  interested  or  seeking  in- 
formation. 

The  following  is  a  brief  attempt  to  give  the 
main  characteri.stics  of  our  different  alloys  and 
their  usefulness. 

"H"  metal.      Main  ingredient:    zinc. 

Very  hard,  wears  splendidly  as  a  bearing 
metal,  .somewhat  brittle  against  a  blow;  com- 
pares favoraljly  with  cast-iron.  Will  plate  in 
any  color. 

''T"  metal.      Main  ingredient:    zinc. 

Alloyed  with  tin  and  copper,  producing  a 
pliable,  tough  metal;  compares  favorably  with 
brass.     Will  plate  in  any  color. 

"L"  metal.      Main  ingredient:   lead. 

Hardened  by  tin  and  antimony.  Well  adapted 
for  parts  to  resist  steam  and  water. 

"A,"  "A"  metal.      Main  ingredient:   tin. 

A  good,  low-priced,  non-corrosive,  anti- 
friction babbitt. 

"G,"  "B"  metal.      Main  ingredient:    tin. 

A  high-class  tin  alloy,  comparatively  hard, 
non-corrosive;  produces  castings  of  high  finish 
and  sharpness;  wears  splendidly  in  bearings  for 
gas  engines.  This  alloy  gives  gi-eat  satisfaction 
on  automobile  engine  bearings. 


Die-Cast  Babbitt  Bearings  and 
Bushings. 


Automobile  Accessories. 


Ball  and  Roller  Bearing 
Retainers. 
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Screw  Cutting  Dies 


IDEAL  OPENING  DIE  COMPANY 

40I-K)3  GREENWICH  ST.,   NEW  YORK,   N.   Y. 

MANUFACTURERS   OF  SCREW   CUTTING  DIES 


THE  IDEAL  OPENING  DIE 


Opens  by  power  of  cutting  strain:  The  cutting  strain  in  all  opening  dies 
has  a  tendency  to  revolve  the  head  holding  chasers  and  not  the  cam.  It  is 
obvious  therefore  that  by  allowing  the  head  of  our  die  to  revolve,  we  con- 
vert the  cutting  strain  into  an  opening  power  instead  of  depending  on 
springs. 

Head  revolves  instead  of  cam:  The  superiority  of  this  construction 
over  dies  which  depend  on  the  life  and  variation  of  a  spring  for  their 
successful  operation,  will  be  apparent  to  every  mechanic.  Spring  actuated 
devices  are  notably  unreliable,  and  apt  to  be  out  of  order  when  most  needed. 

Faulty  alignment  overcome:  We  have  designed  in  our  die  an  equalizing 
driving  clutch  which  compensates  for  any  imperfection  in  alignment  of 
either  the  turret  or  the  material  being  threaded. 

Chasers  supported:  The  support  for  chasers  in  the  Ideal  Die  puts  an 
end  to  the  tipping  evil.  They  are  supported  by  a  hardened  cam  directly 
over  and  slightly  preceding  the  point  of  strain.  This  chaser  support 
together  with  the  equalizing  driving  clutch,  eliminates  taper  threads  and 
bad  work  generally. 

Four  chasers  instead  of  three:  The  advantage  of  four  chasers  over  three 
IS  obvious.  With  four  chasers  you  have  the  cutting  points  opposite,  while 
with  three  chasers,  as  soon  as  one  chaser  becomes  dull,  it  crowds  the  metal 
between  the  other  two,  thereby  producing  work  that  is  not  round. 

Half  as  many  parts:  The  Ideal  Die  has  few  parts  and  is  easy  to  take 
apart  and  assemble. 

Detachable  Shank:  The  detachable  shank  makes  it  possible  to  use  the 
same  die  in  different  sized  machines. 

Left  and  Right  Hand  Threads:  The  same  die  will  cut  either  left  or  right 
hand  threads;  the  former  by  simply  changing  index  from  right  hand  to 
left  hand,  and  using  left  hand  chasers. 


Size  

li  inch 

Mlnch 

Hineh 

1  inch 

l}i  inch 

Diameter  of  head 

Ifiin. 

2Jiln. 

211  in. 

3^  in. 

4}iin. 

Length  of  head 

m  in. 

V/s  in. 

2}^  in. 

2M  in. 

33^  in. 

Diameter  of  shank 

Vs  or  ^4  in. 

Vs  or  li  in. 

IHorVAin. 

VAoTl^in. 

IM  or  2^-4  In. 

Length  of  shank 

2  in. 

2H  in. 

3  in. 

4  in. 

Hi  m. 

Length  over  all 

35^  in. 

iVs  in. 

5}iln. 

m  in. 

7%  in. 

Capacity 

A  to  J^  in. 

ito  14  In. 

M  to  M  m. 

H  to  1  in. 

1^2  to  1^  in. 

Chasers  In  set 

4 

4 

4 

4 

4 

With  1  set  of  chasers 

S2.5.00 

130.00 

$40.00 

$50,00 

$65.00 

Extra  shanhs,  each 

4  00 

.5.00 

6.00 

7.00 

8.00 

Standard  chasers  per  set 

1.2.5 

1..50 

2.00 

2.50 

3.00 

Special  chasers  per  set.. 

2.00 

2.50 

3.00 

3.50 

4.00 

H  S.  Steel  Extra 

1.00 

1.00 

1.00 

1.00 

1.00 

One  set  of  Standard  pitch  chasers,  either  U.  S.  V.  or  Whltworth,  right  or  left  hand  furnished 
with  die. 

For  sizes  desired  not  listed  in  table  above  send  specifications. 
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Machine  Tooh 


AMERICAN  TOOL  AND  xMACHINE  CO. 

BOSTON,  MASSACHUSETTS,  U.  S.  A. 

LATHES,  VALVE-MILLING  MACHINES,  OIL  SKPARATORS 


Turret  Lathes  (Nos.  00  and  0):  Intended  for  heavy  bras?  and  iron  work, 
and  rod  work  np  to  2-in.  diameter.  The  forward  motion  of  the  turret  can 
be  accelerated  by  simplj'  throwinji  the  lever,  and  so  is  available  in^stantly 
for  either  quick  or  slow  operation. 

Cabinet  Turret  Lathes  (Xos.  1  and  2):  These  lathes  are  exceedingly 
compact  and  firni,  and  not  liaiile  to  spring  and  chatter.  Especially  suited 
for  general  ser^  ice  on  "Chucked  work." 

Friction  Head:  For  work  requiring  widely  different  speeds  in  its  .several 
operations,  Ave  have  designed  a  friction  head,  so  called.  This  combination 
cnal)les  the  oiierator  to  use  slow  or  back  gear  speeds  by  changing  a  lever. 

Improved  Turret  Lathe:  The  headstock  can  almost  instantly  be  raisetl 
to  a  level  with  that  of  the  tail  stock.  The  hollow  spindle  has  a  thrust 
bearing  that  runs  continuou.sly  in  oil,  thus  relieving  the  spindle  of  friction 
and  wear. 

Catalog  containing  full  description,  illustrations  and  sjieciilcations  of 
lathes,  sent  on  request. 


No. 


Actual 

Swing. 


Length 
of  Bed. 


Sjiindle. 


Takes 
Between 

Centers. 


Fitted  with 


TURRET  LATHES. 


Back 

Screw 

Taper 

00 

2tV'  s 

S  ft. 

Hollow 

4ti  in. 

(_;ears 

Apparatus 

Attachrr 

1) 

24 

S  ft. 

Solid 

4ti  in. 

" 

1 

18 

6  ft. 

Solid 

33  in. 

" 

CABINET  TURRET  LATHES. 

ft.  Solid  34  in. 


Uith 

J'riction 

Hea.l 


20'.. 
181. 


7  ft. 
r,  ft. 


Solid 
Solid 


34  in. 
27  in. 


■> 

18U 

•> 

With 

I'Yiction 

181^, 

Ilea<l 

IMPROVED  TURRET  LATHES. 

6  ft.        I      Hollow  34  in. 


(■>  ft. 


H.illow 


6  ft. 


IMPROVED  L.\THE 
Hollow     I       27  in.        I 


SQUARE  ARBOR  LATHE. 

6  ft.        I      Solid         I       26  in. 

5  ft.  Solid  ?7  in.       |      .  . 


SET  OVER  AND  BACK  MOTION  LATHES. 

13  I        5  ft.        I     Solid         I       27  in.  I 

12  I         .5  ft.        I      Solid         i       2fi  in.  | 
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Machine  Tools 


AMERICAN  TOOL  AND  MACHINE  CO. 


No.  2  Improved  Turret  Lathe. 


No.  2  IMPROVED  TURRET  LATHE  WITH  FRICTION  HEAD. 

Actual  swinu-  ISj-j" — Bed  G  feet 
lon^,  Hollow  ."Spindles.  Takes  be- 
tween centres  34".  With  back 
shears,  screw  apparatus  and  tai)er 
attachment. 

Headstock  fitted  with  self-oil- 
iuir,  hard  metal,  bronze  boxes  with 
hardened  steel  thrust  and  take-up, 
washers  antl  adjustable  cajis. 

."Spindles  of  hammered  crucible 
steel,  live  sjiindle-nose  2}^"  diam., 
S  thread,  1 J^'  hole. 

Bearinsrs.  2  3-32"  x  i} -V' — Cone, 
3  step  for  2-'4"  l>elt. 

Tailstock  fitted  with  swivellins; 
arrangement  and  quick  motion  device  to  top  slide. 

Turret,  7^1"  diam.,  with  fi  holes,  .903  diam.,  parallel  travel  7%" — cross, 
4I2' — swivel  S    swine:  over  top  slide  3". 

Screw  apparatus,  Fox  design  with  six  point  star  follower,  hobb  spindle 
revolves  at  half  the  speed  of  live  spindle,  insuring  a  strong  and  durable 
leading  thread. 

Adjustable  taper  attachment. 

Hand  rest  and  binding  apparatus  furnished  with  each  lathe. 

Counter  shaft  is  1  f^"  diam.,  with  10"  x  3"  hub  fiiction  pvUleysand  shipper. 
S{)eed  ISO  revolutions. 

Weight,  1,500  lbs.      Floor     space,    105"  x  30". 

OIL  SEPARATORS. 
Belt  Driven. 

These  .separators  are  made  in  two  sizes.  No.  1  has  a  capacity  of  520 
cubic  inches,  and  will  separate  in  from  five  to  eight  minutes,  the  time  being 
regulated  by  the  condition  and  quality  of  the  oil  used. 

These  same  conditions  apply  to  the  No.  2  or  larger  machine,  which  has 
a  pan  capacity  of  2,540  cubic  inches,  and  is  proportionately  heavier  and 
stronger.  The  time  required  to  separate  with  the  No.  2  is  prac- 
tically the  same  as  with  the  No.  1,  provided  both  are  running  at  the  same 
peripheral  speed.  The  No.  2  sepa- 
rator (see  cut),  having  about  five 
times  the  capacity  of  the  No.  1,  is 
better  adapted  to  bulky,  light- 
weight chips  or  turnings,  but  is 
equally  effective  on  ordinary  work. 

Electricity  Driven  Separator. 

The  No.  1  separator  is  mounted 
and  geared  for  electric  driving. 
Electric  power  is  now  in  such  gen- 
eral use  for  machine-shop  work  that 
this  type  of  separator  meets  a  de- 
mand from  shops  so  equipped. 

Direct  Current  Motors  ftirnished 
for  any  voltage. 

Capacity,  520  cubic  inches; 
weight,  525  lbs. 

Floor  space,  3S"  x  19".  S]ieed, 
ISOO  revolutions.  No.  2  Oil  Separator. 
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Vertical  Turret  Lathes 


THE  Bl  LLAUD  MACHINE  TOOE  COMPANY 

BRIDGEPORT,  CONN..  T.  S.  A. 
THE  42-INCH  VERTICAL  TURRET  LATHE 

(New  Era  Type") 


42-Inch  Vertical  Turret  Lathe  (New  Era  Type) 

This  machine  tool,  though  incorporating  all  the  good  features  of  both 
the  Vertical  Boring  Mill  and  Horizontal  Turret  Lathe,  is  a  decided  departure 
in  design  from  either  of  these  machines.  The  distinctive  feature  of  this 
machine  is  a  side  head  working  at  right  angles  to,  and  entirely  independent 
of,  main  head,  without  interference.  This  makes  simultaneous  cuts  pos- 
sible and  by  accotnplishing  two  operations  at  once  it  materially  reduces  the 
manufacturing  cost  of  all  face  plate  work. 

Another  distinctive  feature  is  that  all  gears  are  of  special  alloy  steel, 
assuring  exceptional  wearing  qualities. 

Speed  Changes  are  obtained  through  two  systems  of  selective  sliding 
geai's  and  positive  clutches.     Only  gears  transmitting  power  are  in  mesh. 

Lubrication:  table  spindle,  table  driving  gear,  primary  and  secondary 
speed-change  mechanism,  clutch  and  brake,  and  main  driving-shaft  jour- 
nals are  lubricated  by  a  constant  flow  of  oil,  whicli  remains  constant  so  long 
as  the  driving  pulley  is  running. 

Loiv  Maintenance  Cost:  All  gearing  being  of  special  steel  and  entirely 
immersed  in  oil;  all  sliding  surfaces  being  of  exceptionally  ample  propor- 
tion; safety  devices  to  obviate  breakage  due  to  careless  handling  being  in- 
corporated wherever  possible;  maintenance  cost  and  loss  of  time  due  to 
breakage  is  reduced  to  an  absolute  minimum. 

Motor  Drive:  A  10  H.P.,  constant  speed  motor,  having  a  speed  not  to  ex- 
ceed 1200  R.P.M.,  may  be  mounted  on  bracket  at  rear  of  machine  and  con- 
nected with  driving  pulley  by  belt. 

Weight:  The  net  weight  of  machine  on  floor  is  18,300  pounds.  Domestic 
shipping  weight  is  18,750  pounds. 

Floor  Space:  Total  projected  floor  space  is  85  inches  wide  by  93  inches 
deep.  Total  height,  with  rail  and  slide  in  highest  position,  is  119  inches 
from  the  floor. 
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Machine  Tools 


THE  BULLAllD  MACHINE  TOOL  COMPANY 

BRIDGEPORT,  CONN.,  U.  S.  A. 

THE  64-INCH  MAXI-MILL 

(New  Era  Type) 


The  64-in.  Maxi-Mill  (New  Era  Type) 

The  Maxi-Mill  is  a  machine  tool  of  extreme  power  having  weight,  rigidity, 
and  materials  of  construction  to  withstand  the  most  severe  usage  contin- 
uously, with  a  minimum  of  maintenance  cost,  and  operative  features  of 
proved  value  for  reducing  production  costs  by  the  "Elimination  of  Wasted 
Time." 

Extreme  Rigidity.  The  Bed  forms  a  rigid  base  for  table  spindle  and  driv- 
ing mechanism,  and  supports  the  Unit  Column  (patented)  which  is  rigidly 
secured  thereto.  Side  members  of  column  are  joined  at  base,  covering  the 
bed,  and  a  radial  web  extending  vertically  therefrom  forms  a  tie  between 
them  and  provides  a  bearing  at  its  center  for  a  rearward  extension  of  Rail 
which  is  thus  secured  to  column  at  three  points,  overcoming  all  torsional 
strain. 

Steel-Gearing .  The  continuous  delivery  of  high  power  to  the  cutting  tool 
is  successfully  supported  by  alloy  steel  gearing,  heat-treated. 

Power  Rapid  Traverse.  The  human  element  in  production  easily  tires. 
No  effort  is  required  to  handle  heavy  slides  and  saddles  on  the  Maxi-Mill. 

"Continuous  Flow"  Lubrication  increases  power  efficiency,  reduces  main- 
tenance cost,  saves  time  by  eliminating  the  daily  filling  of  oil  holes  and 
cups. 

Motor  Drive.  20  H.P.  constant  speed  motor  may  be  mounted  on  machine, 
no  bracket  or  additional  parts  being  required. 

Weight.    37,500  pounds,  net;  38,500  pounds  shipping  weight. 

Floor  Space.  149  inches  wide,  108  inches  deep,  155  inches  maximum 
height. 
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Vertical  Boring  (uid  Turning  Machines 


THE  KING  MACHINE  TOOL  CO. 

CINCINNATI,  OHIO 

30"  AND  34"  VERTICAL  TURRET  MACHINES. 
VERTICAL  BORING  AND  TURNING   MACHINES     40"  TO  84"  INCLUSIVE 


Havint;;  l)c'oii  dcsigiied  after  high-speed  tool  steels  had  fully  demonstrated 
their  possil)ilities,  these  machines  are  constructed  to  tax  the  best  of  them 
to  tlieir  Hiuit  and  have  sufficient  weight  to  not  only  withstand  the  strains 
inii)oscd,  l)ut  also  to  absorb  the  shock  and  vibration  incident  to  machining 
under  mo  lern  shop  conditions. 

E\ery  feature  which  lias  demonstrated  its  worth  in  modern  boring-mill 
practice  has  been  incorporated  in  the  design  of  each  machine,  from  smallest 
to  largest,  while  no  attachments  have  been  added  solely  to  serve  as  talking 
points  and,  consequently,  these  mills  are  free  from  needless  complications 
and  trappiness.  The  material  entering  into  their  construction  is  every- 
where the  best  for  the  particular  service  demanded  of  that  part,  the  work- 
manship is  of  the  highest  grade,  all  parts  are  made  as  nearly  interchangeable 
as  is  practicable  in  machines  of  this  size  and  excessiA'e  finish  has  been  elimi- 
nated. 

( 'are  has  been  exercised  to  render  all  parts  easy  of  access,  easy  to  lubricate 
and  easy  to  adjust;  operating  levers  are  so  grouped  as  to  require  the 
minimum  expenditure  of  effort  on  the  part  of  the  operator;  gearing  is 
fully  protected  by  guards,  the  latter  being  hinged  to  swing  aside  at  those 
points  where  access  to  gears  is  desirable.  Motor-drive  application  wai 
fully  considered  in  making  the  original  design  and  all  sizes  of  machines 
are  adapted  to  the  use  of  any  make  of  motor,  either  constant  or  variable 
speed — the  latter  having  a  maximum  ratio  of  2  to  1. 

Original  alignments  are  extremely  accurate  and  provision  is  made  for 
maintaining  them.  All  sizes  are  entirely  self-contained  and  should  be 
placed  upon  solid,  unyielding  foundations  in  order  to  secure  best  results 
and  most  f|uiet  ojieration. 

IMPORTANT  FEATURES. 
Power  rapid  traverse  to  heads  in  all  directions,   v 
)r  ill  iiioiioii 

Instantaneous  feed-changing 
mechanism,  whereby  any  feed 
may  be  obtained  at  will. 

Single-lever  control,  whereby 
the  ra])id  traverse  may  i)e  en- 
gaged in  any  direction  liy  one 
lever,  independently  of  positive 
feeds. 

Resilient  drive  which  elim- 
inates chatter  and  gear  marks. 

Mechanical  belt  shifter,  oper- 
ated l)y  a.  single  lever. 

Adapted  to  motor  drive  of  any 
style  or   make. 

Foot-brake  to  table  of  larger 
machines. 

Safety  device  to  guard  against 
o\'('rl()a(ling  of  ftn'd   luechanisni. 

Friction  rail-elevating  mech- 
anism, noiseless  in  oi)eration  and 
overcoming  objectional)le  fea- 
tui'es  of  tumbler-gears  at  this 
point. 

Automatic  and  adjustable 
knock-out  to  all  feeds,  positi\e 
in  action  and  working  Avithin 
extremelv  close  limits. 


ith  table   either   at    rest 
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Borinq  Mills 


THE  KING  MACHINE  TOOL  CO. 

GENERAL  DESCRIPTION 

Wearing  surfaces  and  bearings  are  of  such  proportions  as  to  insure 
durability  and  to  withstand  the  most  severe  service  to  which  machines 
of  their  size  and  capacity  should  be  subjected.  All  plane  surfaces  are 
scraped  to  surface-plates  and  cylindrical  bearings  are  ground.  All  driving 
shafts,  feed  shafts  and  cross-rail  screws  are  made  from  high  carbon,  open 
hearth  steel;  screws  are  carefully  cha.sed  in  special  machines  and  worms 
are  milled.  Spur-  and  bevel-gear  pinions  are  of  steel,  spur  gears  are  cut 
from  the  solid  and  bevel  gears  are  correctly  planed.  All  screws  and  nuts, 
except  those  not  likely  to  require  adjustment,  are  hardened. 

To  eliminate  the  use  of  separate  countershafts  the  upper  cone  pulley 
shaft  is  provided  with  tight-and-loose  pulleys  and  is  mounted  on  top  of 
the  machine;  this  arrangement  gives  all  the  advantages  of  the  single- 
puller  driA-e,  yet  allows  the  use  of  efficient  cone  puller's  which,  in  connec- 
tion with  the  mechanical  belt-shifter,  gives  rapidity  of  speed  chang3 
equalled  only  by  controller  of  a  variable-speed  motor.  All  machines  are 
provided  with  four  mechanical  changes  of  table  speed,  two  through 
friction  clutches  and  two  through  positive  clutches,  and  these,  in  conjunction 
with  the  changes  obtainable  through  the  cone  pulleys,  furnish  from  twelve 
to  twenty  table  speeds,  depending  on  the  size  of  the  machine. 

Motor  drives,  employing  either  constant  or  variable  speed  motors,  are 
easih-  arranged.  If  a  constant  speed  motor  is  used  it  is  belted  to  the  upper 
cone-pulley  or  driving  shaft,  located  on  the  top  of  machine,  and  the  speed 
variations  are  obtained  through  the  cone  pulleys  and  the  four  mechanical 
speed  changes  of  driving-head.  If  a  variable-speed  motor  is  employed,  the 
cone  pulleys  and  belt-shifter  are  dispensed  with  and  the  two  to  one  speed- 
range  of  the  former  is  obtained  through  the  motor. 

All  machines  are  equipped  with  power  rapid  traverse 'to  heads  in  all 
directions  and  also  with  what  is  termed  a  "rail-box,"  the  office  of  which 
is  to  furnish  change  from  vertical  to  horizontal  movement,  or  A'ice  versa, 
of  the  head  which  it  controls  by  the  manipvdation  of  a  lever  and  without 
the  use  of  slip-gears  at  ends  of  rail.  It  also  provides  a  safety  point  in  the 
feed  train  and  may  be  equipped  with  attachment  for  screw-and 
scroll-cutting. 

The  cross-rail  is  of  the  narrow- 
guide  type  and  the  heads  are 
square-locked,  machined  from  the 
solid  without  loose  clamps  and 
provided  with  taper  gibs  which 
are  adjustable  to  compensate  for 
wear.  The  tool-bars  are  provided 
with  steel  rack  their  entire  length; 
thev  carry  forged  tool-posts  and 
may  be  swiveled  to  either  side  of 
the  vertical  by  worm-and-segment 
device. 

Turret  heads  on  the  single-head 
machines  are  swiveling,  to  permit 
of  machining  occasional  angular 
surfaces  but,  on  the  double-head 
machines,  the  left-hand  head  suf- 
fices for  angular  work  and  the 
turret  head  is  made  non-swiveling. 

The  table  is  pro  Aided,  on  its 
under  side,  with  a  conical  seat 
which  rests  upon  a  similar  bearing. 
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Milling  Machines 


THE  CINCINNATI  MILLING  MACHINE 
COMPANY 

CINCINNxVTI,  OHIO 

A  COMPLETE  LINE  OF  COLUMN  AND  KNEE  TYPE  MILLERS  IN  ALL  COMMERCIAL  SIZES. 


h.  '«!«<af<»rt«K.Mittttf 


iig.  i 
The   arrangeineiit    of  all   levers  on  the  o]ier 
index  and  the  treadle  for  speed  chana;in 


Plain 

Universal 

N... 

2  Range  28"  x    8"  x  19" 

No. 

2  Range  25"  x    8"  x  18 

No. 

.3       "       .34"  X  10"  X  20" 

No. 

3       "       30"  X  10"  X  19 

No. 

4       •'       42"  X  10"  X  20" 

No. 

4       "       35"  X  12"  X  20' 

No. 

5       "       50"  X  12"  X  21" 

No. 

5       "       42"  X  12"  X  20' 

Fig.  1  shows  one  of  our 
High  Power  Plain  Millers 
with  Single  Pulley  Drive. 

We  also  make  these  in  the 
Universal  a  n  d  Vertical 
types. 

The  driving  gearing  is  all 
steel,  cut  from  solid  forg- 
ings.  The  eight  gears  most 
used  for  speed  changing  are 
nickel  steel,  hardened. 

The  low  number  of  gears 
in  engagement  at  one  time, 
together  with  their  arrange- 
ment on  shafts  of  large 
diameter,  and  a  tumbler 
which  is  clamped  securely 
at  each  working  position, 
gives  our  machines  unusu- 
ally^ high  efficiency.  They 
are  constructed  on  the  box 
section  principle  through- 
ovit,  providing  great  rigidity. 
■ator's  side,  the  direct  reading 
makes  them  handy  to  operate. 

Vertical 
No.  2  Range  28"  x  12"  x  20" 
No.  3       "       34"  X  13"  X  22" 
No.  4       "       42"  X  15"  X  24" 


One  of  our  Cone  Type  Millers  is  shown  in 
and  Universal,  in  the  sizes  given  below: 

They  are  of  new  design. 
The  feed  box  is  a  single 
unit  of  mechanism,  entirely 
contained  in  the  column,  high 
above  the  floor,  and  the 
levers  are  within  convenient 
reach  from  the  operator's 
usual  position. 


Fie 


We  make  these  Plain 


PI 

ain 

No.  0 

Rai 

ige 

18"  X 

(»' 

X  1.5" 

No.  0  1^ 

18"  X 

6' 

X  15" 

No.  Hi 

24"  X 

7" 

X  19" 

No.  2 

28"  X 

8' 

X  19" 

No.  3 

34"  X 

9' 

X  20" 

No.  4 

42"  X 

12' 

X  20" 

Universal 
No.  1 14  liange  20"  x    7"  x  IS" 
No.  2  "       2.5"  X    8"xl8" 

No.  3  "       30"  X    9"  X  19" 

No.  4  "       3.5"  X  12"  X  20" 

We  also  make  two  sizes  of 

Milling  Cutter  Grinders. 
Our   new   factorv  contains 

275,000   sciuare   feet   of   floor 

space  with  highly  specialized 

equipment. 


Pig.  ^ 
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Radial  Drills 


THE  MUELLER  MACHINE  TOOL  CO. 

2425-2427-2429  COLERAIN  AVENUE 
CINCINNATI,  OHIO 

MANUFACTURERS  OF  RADIAL  DRILLS 


MUELLER  RADIAL  DRILLS. 

The  column  of  our  radial  drill  is  one  piece  and  jjatented.  It  has  four 
internal  webs  extending  its  entire  length  and  these  add  to  its  stiffness. 
Column  is  finished  by  grinding.  A  column  such  as  this  insures  perfect 
rigidity  and  eliminates  vibration.  The  Arm  of  our  machine  is  made  in 
pipe  section  and  capable  of  resisting  enormous  strains.  It  is  lowered  at 
twice  the  elevating  speed. 

Gear  box  is  of  simjale  construction  and  the  gears  and  frictions  which  go 
to  make  up  the  box  have  been  made  powerful  enough  to  withstand  the 
severest  strains.  Six  changes  of  speed  are  obtained  in  the  box  and  this 
range  is  doubled  by  throwing  the  back  gears  in  or  out,  giving  the  spindle 
twelve  changes  of  speed  in  all. 

Combination,  positive  and  friction  feed  are  furnished,  and  eight  changes 
of  feed  to  each  change  of  spindle  speed  can  be  obtained  without  stopping 
the  machine. 

The  tapping  mechanism  on  our  machine  is  worthy  of  special  note, 
becau.se,  through  means  of  a  very  simple  device,  the  operator  Is  given  the 
option  of  using  either  low  or  high  speed  for  backing  taps  out.  We  might 
also  mention  that  this  feature  is  something  new  in  radial  drill  construction. 

Our  machines  are  composed  of  the  very  best  material  and  workmanship, 
and  guaranteed  to  give  results.  They  are  of  simple  construction  and  their 
working  easily  comprehended. 

We  can  furnish  machines  either  Cone  or  Gear  Drive,  Motor  Drive  if 
wanted,  and  can  arransre  the  machine  with  anv  stvle  table. 
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Aidonuitic  Screw  Machines 


THE  NATIONAL-ACME  MANUFAC- 
TURING COMPANY 

CLEVELAND,   OHIO,   U.   S.   A. 

THE   ACME   AUTOMATIC   MULTIPLE    SPINDLE    SCREW    MACfflNES,    ACME    SEMI- 
AUTOMATIC SCREW  SLOTTING  MACHINES 


THE   ACME   AUTOMATIC    MULTIPLE    SPINDLE    SCREW   MACHINE 

DISTINCTIVE 

FEATURES 

The  characteristic 
points  of  the  ACME 
AUTOMATIC  all  tend 
toward  a  more  rapid  pro- 
duction, while  holding  to 
a  high  standard  of  qual- 
ity. 

Among  these  points 
some  areoriginal,suchas: 
The  simple  but  ef- 
fective   Thread- 
ing   Mechanism. 
The  four  rods 
The   Single    Belt 
Drive 


Acme  Automptic,  (Front  View) 


An  Independent  Electric  Drive  with  a  single  motor 
The  large  number  of  operations  all  possible  at  one  time 
The  accuracy  holding  locking  device,  etc. 
Others  are  but  a  new  and  more  effective  application  of  old  principles, 
such  as: 

The  Feeding  and  Chucking  Mechanism 
The  Work  Spindle  Bearings 
The  Change  Gears,  etc. 

FOUR  RODS 

The  Multiple  Spindle  feature  of  the  "Acme  Automatic"  makes  possible 
the  rapid  production  for  which  the  Machine  is  remarkable.  The  "Mul- 
tiple" in  the  Acme  is  "four"  Spindles,  carrying  four  rods.  The  tool  posi- 
tions are  so  placed  that  two  Tools,  one  from  the  side  and  one  from  the  end, 
can  be  operated  on  each  bar. 

All  the  Tools  engage  with  the  rods  at  the  same  time.  The  process  is  pro- 
gressive. 

Except  in  cases  where  the  operations  are  few  and  it  is  possible  by  dividing 
one  or  more  to  shorten  the  time  otherwise  necessary  to  finish  the  piece,  only 
the  number  of  Tools  necessary  to  perform  work  of  the  same  character  on 
any  Automatic  Screw  Machine  are  required  on  the  "Acme." 

While  especially  adapted  for  use  on  the  "Acme,"  Tools  are  similar  in  gen- 
eral design  and  construction  to  those  used  on  other  Screw  Machines. 

SEVEN  SIZES,  THREE  STYLES 

The  "Acme  Automatic"  is  built  in  seven  sizes,  covering  by  suitable  steps 
in  Chuck  Capacitv  a  range  from  J^"  to  2^^',  and  in  length  of  feed  from  23^" 
to  WA". 

There  are  three  regular  styles:  the  Standard,  the  Plain  and  the  Motor 
Driven. 

The  Standard  Machine  is  adapted  to  any  and  all  styles  of  Screw  Machine 
work : 

The  Plain  is  suited  to  work  on  which  there  is  no  Threading. 

The  Motor  Driven  is  an  adaptation  of  the  Independent  Motor  Drive, 
applied  to  either  Standard  or  Plain  Machines. 
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A  utomatic  Screw  Machines 


NATIONAL  ACME  MANUFACTURING 
COMPANY 

THE  ACME   AUTOMATIC    MULTIPLE    SPINDLE   SCREW  MACHINES 


COMPOSITE  LIST  OF  MACHINES 


Standard  Machine 
Single  Belt  Drive 


Plain  Machine 
Single  Belt  Drive 


Nos.       51 


Nos.       71 


Capacity    of    Chuck 

Round , 

Square j 

Hexagon 

Maximum  Length 

Of  Feed 

Milling  Operations 

Diameter  of  Tool  Shank 

Normal  range  of  Production,  per  hour 

Speed  of  Counter  Shaft 
Pullev  Driving  Counter 
Width  of  Belt,  Driving 

Counter  Shaft 

Spindle  Shaft 

Floor  Space  (Without  Stock  Reel) . .  I' 

Approximate  Weight    . . 

Net 

Crated 

Boxed  for  Export 

For  weights  of  Plain  Machines  deduct 

from  the  above 

Cubic   Measure,  Boxed 


.176' 
.216' 

2H' 

H' 

147  to 

1860 

525 


3' 
2J^" 
2'  0" 
3'11' 

1,700 
1,950 
2,250 

75 
63.83 


515 


52     53 


715 


72 


.3978' 
.487' 

3' 
3' 

%' 
75  to 
1020 
480 
10" 

3' 

3" 
2'1' 
5 '3' 

1,975 
2,275 
2,600 

100 
88.92 


.530' 
.649" 

3' 
3' 

Vs' 
60  to 
880 
385 
10" 

3' 

3" 

2'1" 
5 '3" 


73 


54     55 


74     75 


1' 
.707' 


5M" 
5' 
iVs" 
27  to 
510 
385 
14" 


.972" 
1.190" 

6' 
5' 

17  to 
415 
315 
14" 


4"     4" 

4"   I   4" 

2 '6}^"  I  2 '10}^" 

7'0"  I  7 '7' 


1.149' 
1.407' 


5' 

iH' 

17  to 
415 
315 
14' 

4" 

4' 

2  'mi' 

7  7" 


2,050  3,600  4,700  4,950 
2,350  4,075  5,400  5,600 
2,700   4,550   5,700   5,950 


100 
88.92 


125 
147.00 


150 
169.17 


150 
169.17 


76 


2}4' 
1.591" 
1.948' 

lOH" 
8' 

2A' 
6.5  to 
241 
240 
20' 

4" 

4" 

3'1' 


7,200 
8,300 
8,600 

200 
233.56 


SEMI-AUTOMATIC  SCREW  SLOTTING  MACHINE 

Acme  Semi- Automatic  Screw- 
Slotting  Machines  are  built  in 
three  styles  and  range  in  capacity 
to  accommodate  Screws  up  to  J^ 
of  an  inch  in  diameter  of  the  body 
and  6"  long  as  a  maximum. 

They  are  adapted  in  general  to 
Slotting  Screws  of  all  kinds  and 
frequently  caa  be  used  for  special 
milling  operations  on  irregular 
pieces. 

Each  style  is  particularly 
adapted  by  design  for  the  class   of 

work  coming  within  its    capacity.  Acme  Semi-Automatic  No.  1 


SLOTTED  SCREWS 

Screws  of  any  style  may  be  slotted  on  the  "ACME"  Blotters,  the  output 
being  limited  only  by  the  maximum  cutting  speed  of  the  saw. 

In     frequent     instances     irregular 
shapes  may   be   slabbed   or   slotted.  ■     FBI    -«"ll 

Samples  of  this  class  of  work  should 
be  submitted,  to  enable  us  to  recom- 
mend the  most  convenient  way  of 
handling. 
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Metal  Working  Machinery 


PRENTISS  TOOL  AND  SUPPLY   CO. 

IM)   BROADWAY  ST.,   NEW  YORK,   N.   Y. 
ROCHESTER,       BOSTON,       SYRACUSE,        BUFFALO,        SCRANTON 

METAL  WORKING  MACHINERY. 
COMPLETE  EQUIPMENT  FOR  METAL  WORKING  INDUSTRIES. 
APPRAISERS  OF  MACHINERY  AND  MANUFACTURING  PLANTS. 


24"  Patent  Head  Engine  Lathe 

Following  is  a  list  of  our  standard  and  special  tools  and  machinery, 
are  adapted  to  the  use  of  high  speed  steels. 


These 


24"  Sliding   Head   Drill  Pre;:,   with  all 

geared  shaft  drive  and  tapping 

attachment. 


Band  saws  for  metal 

Barrels,  tumbling 

Belt  lacing  machines 

Bicycle  machinery 

Belt  and  nut  machinery 

Boring  and  drilling  machines,  horizontal 

Boring,    drilling    and    milling    machines, 

horizontal 
Boring  machines,  car  Avheel 
Boring  machines,  cylinder 
Boring  machines,  horizontal 
Boring  mills,  vertical 
Boring  mills,  horizontal 
Buffing  and  polishing  machinery 
Car  shop  tools 
Centering  machines 

("enters,  planer  and  shaper  and  indexing 
Chucking  machines 

Chucks,  lathe,  drill  and  milling  machine 
Cranes 
( 'utters,  bolt 
Cutters,  rack  and  gear 
Cutting  off  machines,  cold  saw 
Drills,  upright 
Drills,  sensitive 
Drills,  bench 
Drills,  high  speed 
Drills,  gang 
Drills,  radial 
Drills,  multiple  spindle 
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Metal  Working  Machinery 


PRENTISS  TOOL  AND  SUPPLY  CO. 


Gear  cutters,  automatic,   spur  and 

bevel,  and  gear  hobbers 
Grinders,  bench 
Grinelers,  car  wheel 
(■rinders,  .saw 
(Irinders,  cutter 
Grinders,  cylinder 
Grinders,  disc 
Grinders,  drill 
Grinders,  electric 
Grinders,  lathe  center 
Grinders,  knife 
(irinders,  reamer 
Grinders,  roll 
Grinders,  surface 
Grinders,  tool 
Grinders,  universal 
Grinders,  plain 
Grinders,  cylindrical 
Grinders,  vertical  spindle 
Hammers,  belt  driven 
Hammers,  drop 
Hammers,  power 
Hammers,  steam 
Key  way  cutters 
Lathes,  bench 
Lathes,  engine 
Lathes,  foot  power 
Lathes,  crank  shaft 
Lathes,  patent  geared  head 
Lathes,  chucking 
Lathes,  extension  gap 
Lathes,  ciuick  change  gear 
Lathes,  speed 
Lathes,  tool  room 
Milling  machines,  plain 
Milling  machines,  universal 
Milling  machines,  high  power 
Milling  machines,  Aertical 
Milling  machines,  bench 
Milling  machines,  hand 
Mills,  vertical  boring  and  turning 
Planers 

Planers,  open  side 
Presses,  inclinable 
Presses,  punching 
Presses,  foot 
Presses,  arbor 
Presses,  hydraulic  wheel 
Punches,  hand  and  power 
Riveters 

Rolls,  bending  and  straightening 
Saws 

Screw  Machines 
Second  hand  machinery 
Shapers 
Shears 

Ship  yard  tools 
Slotters 
Tapping  machines 


24"  High  Duty  "  Double  Triple  Quick  Stroke' 
Crank  Shaper 


No. 


2  Universal  Cone  ^ri-'^n  Tool  Room 
Riiiling  Machine 


10  X  50  Plain  Cylinder  Grinding  Machine 
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Turret  Lcithoi  and  Screw  Machines 


THE  WARNER  &  SWASEY  COMPANY 

Main    Office  and   Works:     CLEVELAND,    OHIO 
Branch   Offices:     Nfav  York.   Chicago,   Detroit 

HOLLOW  HEXAGON  TURRET  LATHES;  TURRET  SCREW  MACHINES  AND  BRASS 
WORKING  MACHINE  TOOLS  FOR  THE  FINISHING  OF  STEEL,  CAST  IRON  OR  BRASS- 
EITHER  IN  BAR  STOCK,   CASTINGS   OR  FORCINGS. 


HOLLOW  HEXAGON  TURRET  LATHE. 

For  the  rapid,  accurate  and  economical  production  of  hithe  work;  from 
bar  stock,  forgings  and  castings.  Complete  tool  equipments  for  l)ar  and 
chucking  work. 

Four  sizes:  Automatic  Chuck  capacity,  13^2  to  iys":  length  turned, 
IS  to  36" ;   swing  over  bed,  14  to  2-i". 


No.  3A— Tools  for  Bar  Work. 


No.  3A— Tools  for  Chucking  Work. 


TURRET  SCREW  MACHINES. 

Five  sizes — ^  to  3  5s"  automatic  clucli  capacity;    10  to  20"  swing. 
\\'ith  or  without  automatic  chuck;    bar  feed;    automatic  feed  for  turret; 
automatic  feed  for  cut-off,  etc. — every  modern  facility  for  rapid  production. 
Standard  or  special  tool  equipments. 

TURRET   LATHES   AND   OTHER   MACHINE   TOOLS   FOR   BRASS   AND 

IRON  WORK. 

Turned  lathes — 14  to  24"  swing;  plain,  .set-over  or  Universal  turret; 
with  or  without  geared  friction  head,  automatic  chuck;  cut-off;  forming 
attachment;  chasing  attachment,  etc.  Standard  or  special  tool  equip- 
ments. 

Automatic  boring  and  tapping  machines;  valve  milling  machines; 
key  lathes;  cock  grinders,  etc.,  for  the  manufacture  of  valves,  cocks, 
fittings  and  similar  work. 

Equipments  planned  and  estimates  of  outputs  furnished  upon  request. 
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Condenser  Tubes 


BRIDGEPORT  BRASS  COMPANY 

96  Crescent  Avenue 
BRIDGEPORT,  CONN. 

CONDENSER  TUBES  OF  THE  HIGHEST  QUALITY;   "BRIDGEPORT"— BRASS  AND 
ADMIRALTY  MIXTURE;    TINNED    AND    PLAIN.     ALSO  FERRULES  OF  ALL  KINDS. 


o. 


Our  experience  in  manufacturing  high  grade  Condenser  Tubes  enables 
us  to  meet  the  most  exacting  requirements.  We  have  made  a  careful  study 
of  this  particular  class  of  work,  and  with  this  experience  and  the  most  ap- 
proved methods  at  our  command,  '^Bridgeport"  Condenser  Tubes  represent 
qualit}'  of  the  highest  standard. 

Every  tube  is  rigidly  tested  and  inspected. 

The  severity  of  the  requirements  in  modern  power  station  service  demands 
the  highest  grade  of  Condenser  Tubes — -For  Condenser  Tubes  of  Quality 
specify  "Bridgeport." 

Prompt  shipments. 
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Testing  Machines 


TINIUS  OLSEN  AND  COMPANY 

500  NORTH   12TH  STREPyr,   PHILADELPHIA,   PA. 

TESTING  MACHINERY  AND  INSTRUMENTS 

We  manufacture  a  complete  line  of  Olsen  testing  machines  for  the  Physi- 
cal testing  of  anj^  material  under  any  condition.  These  machines  are  de- 
signed for  accuracy,  sensitiveness,  rigidity,  strength  and  endurance,  and 
they  are  today  the  recognized  Standard  of  high  grade  testing  the  world 
over. 

We  also  are  the  exclusive  manufacturers  for  the  "Turner"  impact  testing 
machine,  "Fremont"  impact  testing  machine  and  "White-Souther"  endur- 
ance testing  machine  and  exclusive  American  Agents  for  the  "Herbert  & 
Fletcher"  file  tester  and  tool  steel  testing  machine. 

We  build  machines  for  applying  all  tests  as  enumerated  below  and  are 
prepared  to  design  and  build  special  machines  for  determining  any  physi- 
cal propertj\ 

Our  Catalogue  is  divided  into  eight 
parts  as  follows: 

Part  A  UniversalTestingMachines 
and   Instrmnents. 

Part  B  Spring  Testing  Apparatus 
and  Spring  Machinery. 

Part  C  Cement  and  Concrete  Test- 
ing Machinery. 

Part  D  Cloth,  Yarn,  Paper, Rubber 
and  Leather  Testing  Ma- 
chinery. 

Part  E  Wire,  Chain  and  Anchor 
Testing  Alachinery. 

Part  F  Oil,  Grease,  Bearing  Metal 
Testing  Machines,  Vis- 
cosimeters.  Dynamomet- 
ers, etc. 

Part  G  Transverse  Testing  Ma- 
chinery. 

Part  H  Special  Testing  ALxchineiy. 
(Impact,  Indentation,  Vi- 
bratory, Hardness,  En- 
durance, Bending  and 
Torsion  Testing  Machin- 
ery.) 

Any  of  the  above  parts  mailed  upon 
request. 

Our  Olsen  Testing  Machines  have  received  the  highest  awards  at  the 
following  Expositions: — 


Cinclnuiiti  Industrial  Exposition,  1881. 

International  Cotton  Exposliion,  Atlanta,  1881. 

World's    Industrial  &  Cotton    Centennial    Ex- 
position, New  Orleans,  1S85. 

World's  Columbian  Exposition,  1893. 

Export  Exposition,  Philadelphia,  1899. 

Paris  Exposition,  1900. 

Louisiana  Purchase  Exposition,  1904. 

Jamestown  Tercentennial  Exposition,  1907. 

Alaska- Yukon-Pacific  Exposition,  1909. 
Also 

Elliott-Cresson  Gold  Medal,  Franklin  Institute 
of  Philadelphia,  Pa. 


Olsen's  Universal  Autographic  Testing  Machine 

Three  Screw  Type  with  Direct  Motor  Drive. 

Patented  January  7, 1908. 


Olsen's  New  Hardness  Testing  Machine. 
Patent  Applied  For. 
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Water  Weighing  Machines 


WILLCOX  ENGINEERING  CO.,  Inc. 

SAGINAW,  AUCIlKxAN,  U.  S.  A. 


THE  WILLCOX  WATER  WEIGHER. 


INLET 


comm 


VENT 


UPPER 
COMPARTMENT 


DISCHARGE 
PIPE 


Vertical  Section  of  the  Willcox  Water 
Weigher  Style  A 


'I'he  ^^'ilk•()x  Water  Woi<;;her  is  a 
device  for  automatically  weighing 
and  recording  the  water  fed  to 
l)uil('rs.  It  takes  water  from  aiij^ 
source,  such  as  a  feed  water  heater, 
tanic,  puni|),  or  h3drant,  at  any  rate 
of  flow  Ox  at  varying;  rates,  and 
dehvers  it  interniittentl}-  in  charges 
of  uniform  weight. 

It  will  weigh  hot  feed  water  from 
an  open  heater,  cold  water  from  a 
hydrant,  water  of  condensation  from 
vacuum  pans  or  heating  systems; 
also  chemicals,  volatile  oils,  sugar 
juices,  etc. 

Operation:  The  charge  is  bal- 
anced by  a  liquid  column  of  fixed 
height,  through  the  medium  of  an 
air  balance.  The  unit  charge  is 
dumped  automatically  by  the  sudden 
release  of  the  entrapped  air — an  extremely  accurate  method  of  balancing. 

Accuracy:  Each  weigher  is  guaranteed  to  weigh  within  one  per  cent,  of 
absolute  accuracy  at  any  rate  of  supply  up  to  its  maximum  capacity  and 
at  any  temperature  from  freezing  to  boiling. 

Styles  and  Capacities:  The  Willcox  Water  Weigher  is  built  in  several 
styles  to  suit  various  requirements,  and  in  all  capacities  from  one  thousand 
pounds  per  hour  up  to  half  a  million  pounds. 

Plans  for  Installation:  Suggestions,  sketches  and  plans  for  proposed 
installations  are  furnished  free  of  charge  by  the  Willcox  Engineering 
Company.  We  have  competent  engineers  and  draftsmen  for  the  purpose 
of  assisting  prospective  customers  in  planning  suitable  arrangements  to 
meet  local  conditions. 

Savings  Secured  in  Boiler  Plants:  By  furnishing  a  simple,  reliable, 
automatic,  self-recording  device  for  continuously  and  accurately  recording 
every  pound  of  water  pumped  to  the  boilers,  the  Willcox  Water  Weigher 
offers  a  means  of  segregating  boiler  evaporation  cost  from  engine  and 
generator  costs,  thereby  giving  a  sure  means  of  determining  from  day  to 
day  whether  or  not  a  proper  evaporation  is  being  secured  per  pound  of  coal. 


GENERAL     DIMENSIONS— STYLE 
BUILD  OF  BOILER  PLATE 


Approximati-: 

MaNimurn 
rate  of 

Size 

Shell 

Weight  of 

Size 
No. 

weighing,  in 

Inlet, 

Thick 

Ship'K 

of  water 

lbs.  of  water 

In. 

ness 

Weight 

per  unit 

per  hour 

charge 

T 

500,000 

10 

H 

4000 

5000 

2 

400.000 

8 

% 

3600 

3 

300  000 

8 

fV 

.SOOO 

3500 

4 

250,000 

6 

rg 

2600 

6 

200.000 

6 

% 

2100 

2700 

6 

175,000 

6 

¥ 

2000 

V 

150,000 

6 

M 

1850 

2'^50 

8 

125,000 

6 

H 

1700 

y 

100,000 

6 

tk 

1500 

1800 

10 

87,500 

4 

fk 

1350 

11 

75,000 

4 

1200 

12 

62,500 

4 

1% 

1100 

1180 

13 

50,000 

4 

A 

1000 

Illustrated  Catalog  No.  3  sent  on  request. 


The  Willcox  Automatic  Water  Weigher 
with  Storage  Tank.     Style  A 
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Filter  Sy sterns 


WM.  B.  SCAIFE  AND  SONS  COMPANY 

FOUNDED  1M)2 

riTTSBUHG,   PA. 

WATER  PURIFICATION  FOR  ALL  PURPOSES. 

MECHANICAL  PRESSURE  AND  GRAVITY  FILTERS  FOR  HOTELS,  OFFICE  BUILDINGS, 

RESIDENCES  AND  ALL  DOMESTIC  AND  INDUSTRIAL  USES. 

INTERMITTENT   AND   CONTINUOUS   WATER  SOFTENING  AND   PURIFYING  SYSTEMS 

FOR  BOILER  FEED  AND  FOR  ALL  INDUSTRIAL  USES. 

COMPLETE  FILTERING  SYSTEMS  AND  SOFTENING  SYSTEMS  OF  ANY  TYPE  INSTALLED 

AS   COxmDITIONS  WARRANT. 


Filtration — accomplishes  bacterial 
jmrification,  also  clarification  by  the 
removal  of  all  suspended  impurities, 
such  as  mud,  silt,  etc. 

Softening  and  Purification — accom- 
plishes the  removal  of  hardening  or 
scale-forming  substances,  the  neu- 
tralization or  removal  of  corrosive 
salts  or  free  acids,  and  the  removal 
of  all   suspended  impurities. 

FILTER  SYSTEMS. 
Pressure  Filters  are  adaptable  for 
every  purpose  and  are  Ijuilt  in  capaci- 
Fressure  Filters  ties  from  20  gallons  per  hour  upward. 

These  filters  are  built  to  withstand  any  required  pressure.  When  operated 
in  pairs,  each  filter  is  cleaned  with  filtered  water,  one  filter  furnishing  the 
water  for  cleansing  the  other. 

Gravity  Filters  are  built  in  units  with  capacities  varying  from  8,000  to 
1.000,000  <';allons  per  24  hours  each.  Combinations  for  practically  any 
capacity  with  required  sedimentation  can  be  furnished. 

Special  features  embodied  in  these  filters  and  filter  systems  are;  patented 
brass  conical  strainers  that  give  uniform  distribution  of  wash  water  through 
filter  bed,  thus  reducing  amount  of  water  and  time  required  for  washing 
to  a  minimum. 

Patented  valveless  coagulant  feed  apparatus,  adapted  for  either  alumi- 
num sulphate  or  iron  sulphate,  in  which  one  adju.stment  provides  proper 
flow  of  coagulant  solution  for  any  \ariation  in  rate  oi  fl.)\v  of  water  into 
coagulating  basin,  and  which  also  starts  and  stops  flow  of  sohition  as  the 
flow  of  water  starts  a-nd  stops. 


Gravity  Filters 


Filter  Strainers  Patented 


Softeninq  and  PuHJijuki  Si/slems 


WM.  B.  SCAIFE  AND  SONS  COMPANY 

i'()UNi)i:i)  isoL' 
SOFTENING  AND  PURIFYING  SYSTEMS. 

Softening  and  Purification  rciuleis  water  both  soft  and  clear  through  pre- 
cipitation of  lime,  magnesia  and  iron  by  chemical  reaction  and  the  suljgequeiit 
removal  by  sedimentation  and  filtration 
of  the  resultant  precipitate,  together 
with  all  other  impurities  in  suspension. 

The  fundamental  features  of  all 
desifins  of  systems  are — accurate 
chemical  treatment,  thorough  mix- 
ture of  reagents  with  w-ater,  accel- 
erated chemical  reaction,  rapid  sed- 
imentation, and  perfect  clarification. 

Design  for  each  installation  and 
performance  guarantees  are  based 
upon  scientific  investigation  of  water 
supply  and  uses,  supplemented  by 
analysis  and  treatment  of  water  in 
own  laboratorv. 


WE-FU-GO  System 
Patented. 


WE-FU-GO  SYSTEM— (INTERMITTENT). 

In  this  sy.stem  definite  quantities  of  water  are  treated,  therefore  accuracy 
of  treatment  can  be  maintained  and  uniform  water  obtained,  regardless  of 
variations  in  quality  of  raw  water  or  rate  of  use.  The  treating  tanks  of 
this  system  act  as  storage  tanks,  consequentlv  there  is  always  a  supply  of 
treated  water  available.  This  system  consists  es.sentially  of  two  or  more 
treating  and  .settling  tanks,  fitted  with  mechanical  stirring  devices  operated 
by  power;  a  small  chemical  mixing  tank  with  stirring  device;  means  for 
introducing  the  reagents  into  the  treating  tanks,  and  a  quartz  filter  of 
either  gra^^ty  or  pres.sure  type.     This  system  is  built  for  any  capacity. 

SYPHON  SYSTEM. 
(Continuous). 

An  automatic  system  not  dependent 
upon  moving  mechanical  devices  for 
reagent  introduction.  The  water  en- 
ters a  receiving  tank  to  which  is  con- 
nected a  syphon;  into  the  long  leg  of 
which  smaller  syphons  connect  from 
the  solution  tanks.  When  the  main 
syphon  begins  to  flow  it  starts  the 
small  syphons,  which  introduce  the 
reagents  during  the  period  of  syphon 
di.scharge.  This  system  can  be  ar- 
ranged to  be  operated  either  from  the 
grovmd  or  from  the  top  as  may  be 
de.sired. 

In    addition    to    this    system    three 

other    standard    continuous     systems 

are    manufactured    and    special    svs-  ^     , 

^  •  byphon  System 

terns  designed  where  required.  Patented 
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Gaskets  and  Packings 


CINCINNATI  GASKET  &  PACKING  CO. 

CIXCINNATI,  OHIO 

"TRINITY"  AND  -'IRxPLE"  GASKETS  OF  COPPER  AND  ASBESTOS  OR  RUBBER; 
PORTABLE  HOIST  HOLDERS;  FIBROUS  METALLIC  STEAM  PACKING:  RED 
VELVET   SHEET    PACKING;        ADAMANT    HIGH    PRESSURE    GAUGE    GLASSES. 


TRIPLE  AND  TRINITY  GASKETS. 

These  gaskets  are  made  of  the  best  grade  pure  copper.  On  standard  and 
extra  heavy  flange  fittings,  they  are  made  with  asljestos  or  rubber  enclos- 
ures as  shown  in  the  illustrations  on  the  opposite  page. 

Trinity  and  Triple  gaskets  are  especially  adapted  for  high  pressvire  or 
vibrating  steam  lines.  They  are  practically  a  guarantee  against  blow 
outs,  and  by  jireventing  shut  downs  from  this  cause  save  their  cost  many 
times  over. 

In  plants  where  the  pipe  work  must  be  changed  about  a  great  deal, 
these  gaskets  are  invaluable,  as  they  can  be  used  over  and  over  again.  In 
the  assembly  and  testing  rooms  of  plants  manufacturing  steam  engines, 
or  pumps,  this  feature  has  special  value. 

(laskets  of  both  styles,  and  also  plain  gaskets  (not  enclosed  in  copper), 
regularly  carried  in  stock  for  all  sizes  of  jiipe. 
Catalogues  on  request. 

FIBROUS  METALLIC  PACKING. 

This  packing  is  made  in  long 
fibrous  strands  from  Babbit  metal, 
and  the  same  and  only  variety  may 
be  used  to  pack  any  size  stuffing 
box  from  a  |"  glove  valve  to  the 
largest  box  on  the  engine.  It  is 
especially  fine  on  brass  or  bronze 
})iston  rods,  and  for  packing  valves 
on  boilers  and  heating  systems  in 
large  department  stores  and  office 
buildings.  A  stuffing  box  filled 
with  this  packing  will  last  from  5 
to  15  years  on  the  larger  size  valves. 
This  packing  is  strictly  for  steam 
usao;e. 


Fibrous  Metallic  Steam  Packing. 


HANDY  HOIST  HOLDERS. 

The  operation  of  these  holders  is  clearly  sh,)\vn 
in  the  accompanying  illustration.  They  may  be 
applied  either  to  wooden  beams  or  steel  girders, 
and  in  either  case,  the  heavier  the  load,  the 
tighter  they  hold. 

The  body  is  of  crucible  steel  castings,  links  of 
hand  forged  iron.  Frame  swings  on  a  special  bolt 
with  a  full  body.  Holder  is  provided  with  a 
spring  for  holding  jaws  securely  to  joist  on  beam 
until  weight  is  suspended. 

Sizes  as  follows. 


No. 

Capacity. 

Weight. 

Can  be 
attached  to  beam. 

No.  0 
No.  1 
No.  2 
No.  3 

500  lbs. 
1500  lbs. 
2500  lbs. 
3000  lbs. 

5  lbs. 
14  lbs. 
27  lbs. 
35  lbs. 

1"  to     3" 
2"  to     5" 
4"  to    9" 
8"  to  14" 

All  holders  tested  at  twice  their  capacity. 


No.  1  Hoist  Holder  Used  in 

Connection  with  a  Hoist  in 

Lifting  a  1500  lb.  Lathe. 
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Gaskets  and  Packings 


CINCINNATI  GASKET  &  PACKING  CO. 

CINCINNATI,  OHIO 


i>;ti:rior  VIE^v 

Showing  Copper  Plates,  Flanges, 
Asbestos  or  Rubber 
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Steam  Engines  and  Lubricators 


THE  STERLING  MACHINE  COMPANY 

XOmVICH.  COXXECTKT'T 

ACME  ENGINES,  STATIONARY  AND  MARINE;  DIRECT  CONNECTED  GENERATOR 
UNITS-  BUCKLEY  PATENT  WATER-TUBE  BOILER,  STERLING  LUBRICATORS 
FOR  AUTOMATIC  FORCE-FEED  LUBRICATION, 


STERLING  FORCE  FEED  LUBRICATORS 

const rvicted  Mechanical  Lubricator  can 
absolutely  to  deliver  a  desiredamount 
of  oil  in  a  iiixiMi  time,  and  once 
1  he  niininuun  consuni]>tion  of  oil  has 
been  determined,  the  application  of 
oil  is  entirely  automatic. 

It  is  conceded  that  the  force  feetl 
method  of  lubrication  for  enijine 
valves,  cylinders,  etc.,  by  means  of 
automatic  pumps,  is  the  very  best 
to  be  had,  as  lubrication  is 
jirovided  when  needed  and  ceases 
when  the  machine  is  at  rest.  Sterlinp; 
Lubricators  maintain  a  solid  column 
of  oil  from  lubricator  to  point  of 
discharge. 

Sterliufi;    Force    Feed    Lubricators 
'     are  manufactured  in  a  lar^e  A-ariety 
of  capacities  and  an}'  desired  number 
of  feeds. 

INDICATED  HORSE  POWER  OF  ACME  ENGINES 


poll 


Hore 

Stroke 

Area  of 
Piston 

Steam  Pressure  80  lb. 

Ste,\m  Pressure  125  lb.     i 

Cut-off 

Eiifrine 

Me.\n  Effective  P.  50  lb.    | 

Me.^n  Effective  P.  86'  -j  lb.  | 

% 

Model 

R.P.M.     R.P.M. 

R.P.M. 

R.P.M. 

R.P.M. 

R.P.M. 

R.P.M. 

^300 

R.P.M.  ! 

of 
Stroke 

150       225 

300 

400 

150 

225 

1 
2 

.3 

2   s" 

3" 

3,\" 

S'i" 

3.547 
7.069 

8.618 

.47 

.93 

1.14 

.712 
1.4 
1.71 

.95 

1.87 
2.29 

1.26 

2.5 

3.4 

.815 
1.62 
1.98 

1.23 
2.43 
2.97 

1.64 
3.24 
3.96 

2.17 
4.31 

5.26  ; 

60 
60 
60 

4 
5 

6 
7 

3.\" 
4" 

4,1" 
5" 

5" 
5" 
5" 

5" 

8.618 
12.56 
16.35 
19.64 

1.63 
2.38 
3.1 
3.71 

2.45 
3.57 
4.65 
5.58 

3.26 
4.76 
6.17 
7.42 

4.35 
6.35 
8.3 
9.95 

2.83 
4.12 
5.36 
6.44 

4.23 
6.17 
8.05 
9.66 

5.64     7.52 
8.25  111. 00 
10.72  J14.3     1 
12.9      17.2 

60 
60 
60 
60 

S 
9 
10 

5" 
6" 
7" 

7" 
7" 
7" 

19.64 

28.27 
38.48 

5.2 
7.5 
10.2 

7.8 
11.2 
15.3 

10.4 

14.95 

20.4 

13.9 
20.00 

27.2 

9.00 
12.95 
17.7 

13.5 
19.45 

26.6 

18.00  124.00 
25.9      34.6 
35.3      47.1 

<,       60 

60 

;       60 

.^ny 


of  the  above  sizes  may  be  operated  at  a  speed  up  to  600  R.P.M. 

ACME  STATIONARY  ENGINES. 

The  Engine  is  an  upright,  double-cylinder  .«ingle- 
acting  engine,  with  cranks  180°  to  each  other;  pis- 
tons being  l}y2  times  the  stroke  in  length,  form 
their  own  guides.  Cranks  are  of  steel,  large  size 
in  diameter  and  length.  Main  bearings  are  2J^ 
times  diameter  of  shaft,  l)\ished  with  l>ronze,  and 
can  be  renewed  Avhen  worn,  at  small  cost.  Valve 
is  of  the  balanced  rocking  type,  of  extra  long  and 
large  wearing  surfaces,  and  is  placed  on  top  of 
cylinders,  the  Aalve-case  forming  the  cylinder 
heads.  Lubrication  is  accomplished  by  carrying 
in  the  crank  case  a  mixture  of  oil  and  water,  into 
which  the  cranks  dip  at  every  revolution,  and  are 
not  only  flooded  them.selves,  but  throw  the  oil  to 
every  part  inside  the  case. 

"J'he.se  Engines  are  especially  adapted  for  Mechan- 
ical Stokers,  Small  Independent  I']lectric  Light 
Equipments,  and  for  use  with  Exhaust  or  A'entila- 
ting  Fans,  Blowers,  etc. 

Catalogues  on  request. 


me  Stationary  Engine 
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Mining  Equipment 


FAIRMONT  MINING  MACHINERY  CO. 

FAIRM(3NT,  WEST  VA. 

RAILROAD  CAR  RETARDER;  STEEL  MINE  TIES;  ROTARY  BOX  CAR  LOADER; 
SELF  OILING  MINE  CAR  WHEELS;  POWER  COAL  AUGERS;  BABBITING  AND 
BORING  MACHINE;  ENDLESS  CABLE  CAR  HAULS  AND  RETARDERS;  PUMPS 
FOR  MINE  USE;  STEEL  TIPPLES  AND  EQUIPMENT;  SELF  DUMPING  MINE 
CAGES;  ELECTRIC  COKE  OVEN  LARRIES;  ELEVATORS  AND  CONVEYORS; 
GREY  IRON    AND   BRASS   CASTINGS. 


RAILROAD   CAR  RETARDER. 

I'he  Fairmont  Railroad  Car  Retarder  is  a  device  for  handling  railroad 
cars  under  coal  tipples  during  the  process  of  loading.  Track  grade  re- 
quired, about  2%.  It  will  handle  one  to  three  cars  at  a  time  without 
having  a  man  on  the  car  to  set  the  brake.  It  will  lower  the  car  as  desired 
while  being  loaded,  insuring  an  even  distribution  of  the  coal  throughout 
the  car,  with  less  work  on  the  part  of  trimmer.  It  will  do  away  with  the 
xTvices  of  one  or  two  men  on  the  tipple,  as  the  device  can  be  installed  so 
it  can  be  operated  by  the  dumper,  trimmer  or  any  other  man  on  the  tipple, 
l)v  means  of  hand  line  to  operate  the  brake  lever.  It  saves  time,  as  two  or 
three  cars  are  handled  together  and  a  car  is  always  ready  for  loading.  It 
automatically  winds  the  rope  up  on  the  drum,  by  means  of  counterweight, 
as  soon  as  the  hook  is  loosened  from  the  car,  and  is  then  ready  to  hook  to  the 
next  cars. 

STEEL  MINE  TIES. 

By  actual  test  we  have  demonstrated  that  by  using  steel  rail  and 
"FAIRMONT"  Steel  Ties  a  reduction  of  1.28c  per  ton  was  made  in  the 
cost  of  hauling  the  coal. 

You  not  only  save  in  the  cost  of  hauling  the  coal,  by  having  better 
tracks,  but  a  great  saving  is  made  in  the  handling  of  the  ties  and  rails 
from  room  to  room  and  in  laj-ing  the  tracks. 

i'hree  to  five  inches  additional  working  height  is  gained  by  using 
••FAIRMONT"  Steel  Mine  Ties.     Tiiio  is  quite  an  item  in  a  low  vein. 

There  are  no  loose  parts  to  get  lost — the  clips  are  riveted  on. 

It  is  fool  proof  and  practically  indestructible. 

No  occasion  for  filling  in  between  "FAIRMONT"  Ties  with  slack  coal, 
thus  eliminating  thio  source  of  waste. 

Always  give  gauge  of  track  and  size  of  rail  used.  Also  state  whether 
HEAVY  or  LIGHT  ties  are  wanted. 

Heavy  ties  are  made  of  2"  x  5^"  x  }i"  Channel,  2.32  lbs.  per  ft. 

Light  ties  are  made  of  2"  x  ^"  x  ^"  Chiinnel,  1.75  lbs.  per  ft. 

Complete  information  concerning  all  Fairmont  products  sent  on  request. 

ROTARY  BOX  CAR  LOADER. 

FOR  ALL  BULK  MATERIALS. 

Fairmont  Rotary  Box  Car  Loaders  are  eas}-  to  handle  and  operate  and 
of  very  high  capacity    The  capacity  of  18-in.  size  is  three  tons  per  minute. 

Manufactured  in  all  styles  and  sizes  to  meet  conditions,  and  may  be 
steam  or  motor  driven  as  desired.  They  are  being  used  successfully  for 
handling  coal,  crushed  gypsum,  rock-salt,  grain,  etc.,  and  are  claimed  to 
operate  with  less  breakage  and  repairs  than  any  other  loader. 
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Electric  Mining  Equipment 


MORCx AN  -  GARDNER    ELECTRIC    CO 


CHICAGO,  ILLINOIS 


ELECTRIC  MINE  LOCOMOTIVES; 


ELECTRIC  COAL  CUTTING  MACHINES; 
DRILLS. 


ELECTRIC 


Mine  Locomoti\e;    o  tons  to  25  tons  weight;    250  ruid  500  volts,  50  to  250  Horsepower. 

We  build  all  standard  sizes,  from  50  to  250  H.P.,  and  weights  from  5  to 
25  tons.  Thej^  are  doul)Ie  armature  t^^pe  with  four  (4)  dri\ing  wheels 
and  flexible  base.  This  flexibility  makes  it  possible  for  the  wheels  to 
follow  the  rails  on  very  narrow  or  uneven  tracks. 

The  main  frame  is  made  all  in  one  piece  and  closed  across  the  bottom, 
which  prevents  the  dirt  and  mud  from  getting  up  into  the  working  parts. 
The  frame  also  comes  all  inside  l)etween  the  drive  wheels,  which  allows 
it  to  run  in  entries  with  small  space  outside  of  the  rails,  where  an  outside 
framed  Locomotive  could  not  be  used. 

The  frame  at  each  end  is  higher  than  at  the  sides,  so  as  to  protect  the 
motorman  in  case  of  an  accident.  The  Motors  are  of  the  multipolar  type 
with  internal  fields,  and  completely  closed  in,  except  small  opening  at 
Commutator,  which  is  ))rotected  by  a  cover,  thus  avoiding  any  danger  of 
slate,  or  any  substance  from  falling  into  the  Armatures. 

All  gears  are  made  from  cast  or  hammered  steel,  and  can  be  removed 
without  taking  the  Locomotive  apart.  The  Locomotive  is  pro vi tied  with 
controlling  lever,  reverse  lever,  sand  box  levers,  brake  leA'ers  and  electric 
headlight  on  both  ends.  The  brakes  will  hold  the  wheels  dead  on  sanded 
track. 

The  Drive  AVheels  have  iron  centers  with  rolled  steel  tires. 

The  controller  is  of  best  magnetic  blowout  construction,  thoroughly 
insulated  throughout,  entirely  waterproof,  and  guaranteed  under  full 
current  to  show  rise  not  over  fifty  degrees  above  normal  temperature. 
Large  nuinber  now  in  use.  Send  for  testimonials  and  prices.  Special 
sizes  and  designs  furnished.     Fidl  guarantee  with  each  Motor. 

TYPES    AND    RATING    DATA    MORGAN-GARDNER    STANDARD    MINE 

LOCOMOTIVES. 
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Electric  Mining  Equipment 


MORGAN   GARDNER    ELECTRIC   CO. 

COAL   CUTTING  MACHINES. 


Side  view  H.  H.  D.  Machine.    Undercut  5,  6  and  7  Feet. 
Equipped  witli  "Keystone"  Chain  and  .Self-]iropelHng  Truck.     Wheels  differentiated  2  inches 
in  diameter  to  facilitate  loading  and  unloading. 

This  machine  weighs  2900  lbs.,  and  is  speeded  to  run  in  the  full  dep1h 
in  4}2  niimitcs  and  back  in  45  seconds.  This  speed  can  he  increased  to 
3J^  minutes,  and  30  seconds  backing  out,  according  to  quaUty  of  coal. 

Total  length  of  the  six-foot  cutting  machine  over  all  is  ten  feet.  Height 
is  29  inches  over  all.  Width  across  the  machine  at  cutter  head  is  42  inches 
over  the  chain,  and  45  inches  over  the  bits,  thus  giving  full  42-inch  cut 
and  allowing  lap  into  previous  cuts.  The  width  across  the  frame  is  24 
inches;  this  enables  the  machine  to  be  loaded  on  truck  that  will  run  on 
2S-inch  gauge  of  track  without  making  special  truck — and  still  less  gauge 
by  making  special  truck. 

The  motor  is  of  the  Multipolar  type  with  internal  poles;  this  type  of 
motor  is  very  compact  and  accessible. 

The  armature  is  of  the  toothed  gramme  ring  type,  with  the  coils  wound 
in  slots  below  the  surface  of  the  armature,  thus  protecting  them  from 
danger  by  rough  usage.  The  field  coils  are  wound  on  spools  that  slip 
over  the  pole  pieces  and  can  readily  be  removed. 

The  gears  are  all  made  from  steel  with  teeth  cut  out  of  the  solid.  The 
fact  that  our  armatures  run  vertically  does  away  with  the  bevel  gears  and 
greatly  simplifies  the  gearing;  all  gears  are  of  the  plain  spur  type,  and 
only  one  worm  wheel. 

We  use  the  lea.st  number  of  gears  or  shafts  in  this  machine  that  are 
known  to  be  in  any  chain  machine  made  at  the  present  time.  The  chain 
is  of  the  up-down-and-center  link  style,  with  all  the  bits  straight  and  of 
the  same  length,  Avhich  saves  time  in  dressing  and  replacing. 

Our  machines  are  so  constructed  that  both  machine  runner  and  helper 
can  work  at  putting  in  bits  at  the  same  time.  There  are  48  bits  in  chain 
of  six-foot  undercut.  The  materials  used  in  construction  are  cast  and 
wrought  steel  throughout. 

We  use  the  least  amperes  of  current  per  width  of  cut  of  any  machine 
built.  We  use  automatic  throwout,  t)oth  in  front  and  back;  this  enables 
the  machine  to  make  full  length  cuts  without  danger  of  breaking  anything. 
Our  break  washer,  or  safety  washer,  adds  great  security  against  accidental 
bre:iking. 

Speed  of  travel  of  chain  is  273  feet  per  minute.  Revolutions  of  armature 
per  minute  is  750.  The  Horse  Power  necessary  to  operate  this  machine 
varies  from  10  to  30,  according  to  the  character  of  the  coal  or  substance 
to  be  cut.  Our  holding  device  is  a  model  of  perfection.  These  machines 
are  offered  strictly  upon  their  merits,  and  we  invite  the  most  careful  and 
critical  examinations  and  te.sts.  We  build  them  for  250  or  500  volts.  Plain 
or  self-propelling,  wood  or  steel  trucks. 


"Keystone  "  Chain  showing  Steel  "  Pick"  Point  Bits. 
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McUdlii rg iced  Equipment 


DORR  CYANIDE  MACHINERY  CO. 

727  EQIITABLE    Bl.IXi.,  DENVER.  COLORADO 

THE  DORR  THICKENER  THE   DORR  CLASSIFIER 


DORR   THICKENER    OR  DECANTER. 

Larucly  visetl  for  the  de- 
wateriiiii  uiul  thickening  of 
pulp  in  metallurgical  work. 

Fine  material  suspended  in 
any  quantity  of  liquid  can  \)e 
fed  to  this  class  of  devvaterer, 
a  clear  overflow  obtained  and 
a  thick  pulp  drawn  from  be- 
low which,  on  metalliferous 
ores,  contains  about  30%  to 
5(K'^i  moisture. 

Continuous  operations  can  be  carried  on  as  the  solid  material  settles 
and  is  gradually  raked  to  the  centre  discharge  by  the  slowly  revolving 
arms. 

The  capacity  of  these  machines  is  Aery  large,  the  settling  area  required 
per  ton  of  solids  varying  from  2  to  10  square  feet  per  day  on  slime  and 
finely  ground  sand. 

DORR  CLASSIFIER  OR  WASHER. 

Also  largely  used  for  classi- 
fying and  washing  ores  in 
metallurgical  work.  The 
ci'ushed  pulj)  from  stamps  or 
other  mills  is  handled  ]^y  this 
machine,  giving  a  clean  sand 
and  slime  at  one  operation. 

The     application     of     these 
machines  to  other  than  metal- 
lurgical    work    is    evident    to 
those   who   are  familiar   with   them,   and   tliere   .should   be  a   large   field  in 
such  work   as   the  Washing   and   Dewatering   of  Glass  Sands,  Clays^  Salt, 
Chemical  Precipitates,  Paper  Pulp,  etc. 

Where  water  is  scarce  and  has  to  be  used  oA'er  and  over,  all  solids  can 
be  settled  out  and  drawn  off  continuously  as  a  thick  pulp  and  a  clear 
overflow  obtained. 

The  digging  out  of  pits,  etc.,  in  coal  washeries  can  be  entirely  done 
awa}-  with. 

Nearly  fi\e  hundred  machines  are  in  use.     Amongst  our  customers  are: 

Alaska-Tioadwell  Gold  Mining  Co.,  Treadwell,  .41aska. 

(joldon  Cycle  Mining  Co.,  Colorado  Springs,  Colorado. 

Goldfield  Consolidated  Gold  Mining  Co.,  Goldfield,  Nevada. 

Cia  Real  del  Monte,  Pachuca,  Mexico. 

Pennsylvania  Salt  Co.,  Greenwich  Pt.,  Pennsylvania. 

U.  S.  Reduction  &  Refining  Co.,  Colorado  City,  Colorado. 

A\'rite  us  for  data  and  full  particulars. 
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Bull  Bearings 


AUBURN  BALL  BEARING   COMPANY 

22  ELIZABETH  SlREEr.   ROCHESTER,  N.  Y. 

AUBURN     BALL     THRUST     BEARINGS;  AUBURN     ANNULAR     BALL     BEARINGS; 

AUBURN  STEEL,  BRASS,  AND  BRONZE    BALLS. 


Auburn  Ball  I'hrust  Bearings  are  especially  adapted  for  High  Speeds 
and  Heavy  Loads  in  a  small  space  due  to  Auburn  Patented  Four  Point 
Contact  Cone  Principle,  illustrated  by  the  trade  mark.  Specially  selected 
tool  steels  properly  hardened  through  and  through  in  the  balls  and  races, 
together  with  careful  grinding  and  polishing,  make  Auburn  Bearings  most 
durable. 

Auburn  Ball  Thrust  Bearings  are  used  exten.sively  for  Boring,  Drilling, 
Milling  and  Screw  Machinery;  Lathes,  Elevators  and  Jacks;  Hydraulic 
and  all  Transmission  Machinery  wherever  the  thrust  of  a  rotating  part  is 
to  be  taken  care  of. 

AUBURN  STYLE  T-lOO  BALL  THRUST  BEARING. 

Auliurn  Style  T-lOO  bearing  is  a  self  contained 
ball  thrust  bearing.  The  outside  retaining  sleeve 
is  attached  to  the  lower  race  of  the  bearing  with 
the  upper  race  free  to  rotate,  yet  held  in  place. 
This  sleeve  furnishes  a  protection  to  the  balls  from 
dust  and  dirt,  as  well  as  making  the  bearing  a 
unit.  This  feature  greatly  facilitates  the  as.sembling 
of  the  bearing  on  the  machine  and  does  away  with 
the  loss  of  Ijalls  in  transit  and  during  the  operation  of  installing.  It  isa  style 
for  use  in  exposed  places  where  some  protection  to  the  bearing  is  desired. 

AUBURN  STYLE  T-114  BALL  THRUST  BEARING. 

Where  there  is  a  housing  to  protect  the  bearing 
this  Auburn  Style  T-114  is  desirable.  It  is  also 
self-contained  and  a  unit  wnth  the  advantage  of 
easy  assembling  on  the  machine.  The  retaining 
sleeve  is  attached  to  the  bore  of  one  race,  leaving 
the  other  free  to  rotate,  yet  holding  same  in  position. 
This  is  a  style  to  use  where  a  good  circulation  of  oil 
must  be  had. 

AUBURN  STYLE  T-101  BALL  THRUST  BEARING. 

When  the  self-contained  feature  is  not  desired  Style  T-101  Ball  Thrust 
Bearing  is  furnished.  This  comprises  two  grooved  ball  races  filled  with 
balls. 


Auburn  Ball  Thrust  Bearings  are  carried  in  stock  for  immediate  ship- 
ment covering  a  range  of  shafts  up  to  five  inches  in  diameter,  in  light  and 
heavy  types.  Larger  sizes  with  load  capacities  up  to  200,000  pounds  can 
be  furnished  promptly. 

Bearings  specially  designed  to  meet  unusual  conditions  of  service  can  be 
made  promptly.      Write  for  bulletin. 
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Concrete  Machinery 


COCKBURN  COMPANY 

Works:    I^ih,    VMu  and   MONMOUTH   STREETS,  JERSEY   CITY,  N.  J. 
Offick:  1^'6  LIBERTY  STREET,  NEW  YORK 

COCKBURN  QUICK-ACTING  PUNCHING  MACHINE;  LOCKWOOD  BUCKETS  AND 
SKIPS;  COCKBURN  GROUT  MIXER  AND  EJECTOR;  CUBICAL  CONCRETE  MIXERS; 
SELF    DUMPING   HOISTING   TUBS;    BOTTOM  DUMPING  CONCRETE  BUCKETS,  ETC. 


THE  COCKBURN  CUBICAL  CONCRETE  MIXERS, 
are  most  simple  in  design  and  construction,  the 
cul)e  revolvinfr  on  anti-friction  rollers  of  large 
diameter.  In  operation  it  is  charged  and  discharged 
while  in  motion  and  is  easily  cleaned,  a  thorough 
cleansing  of  the  interior  being  accomplished  by 
admitting  a  small  amount  of  water  into  the  cube 
and  revoh'ing  it  a  few  times. 

The  charging  level  has  been  reduced  to  a 
minimum,  at  the  same  time  maintaining  a 
maxinuiin  discharge  height. 

THE  LOCKWOOD  AUTOMATIC  BUCKETS  AND  SKIPS 

"  Dumped  by  the  man  behind  the  engine." 
FOR  LARGE  MASSES  OF  CONCRETE: 

Works  very  quickly,  the  concrete  being  discharged 
the  instant  it  is  over  the  form,  and  the  bucket 
swung  back  on  the  car,  in  less  time  than  w'ould  be 
required  to  get  a  hand  operated  bucket  in  position 
to  dump. 
FOR  CAISSONS  OR  BRIDGE  CYLINDERS: 

It  places  the  concrete  with  no  men  below.    There 
are  no  handles  to  catch,  no  catches  to  uncatch. 
FOR  NARROW  FORMS: 

Narrow^  forms  can  be  filled  by  the  Lockwood 
Bucket  by  letting  out  a  thin  steady  stream.  The 
bucket  is  always  under  control  of  the  engineer,  and 
there  is  no  strain  on  the  forms  caused  by  the  entire 
mass  dropping  in  a  lump. 
HOW  IT  WORKS: 

Cable  grip  and  counterweight,  three-drum  engine, 
or  may  be  snul)l)ed  on  the  mast  hj  signal  man 
standing  on  the  bull  wheel. 

THE  COCKBURN  GROUT  MIXER  AND  EJECTOR. 

The  machine  is  driven  by  a  pair  of  spur  gears 
from  a  three  cylinder  engine  using  either  air  or 
steam,    at    about    30    r.p.m.,    the 
engine      being      especially      con- 
structed for  the  machine. 

If  properly  handled  this  ma- 
chine will  mix  into  grout  six  hun- 
dred bags  of  cement  per  day  of 
eight  hours,  delivering  the  grout 
in  a  liquid  state.  The  best  mix- 
ture of  grout  is  two  parts  of  crushed  stone  dust  to  one  part  of  cement. 
THE  COCKBURN  QUICK-ACTING  PUNCHING 
MACHINE. 

This  is  a  quick-acting,  high-speed  machine 
having  no  gears.  The  power  is  gained  b^- 
the  momentum  of  the  heavy  fly  w-heel  in  con- 
nection wath  the  tumbling  "  key.  The  machine 
run  at  a  rate  of  GO  to  80  r.p.m.,  so  that  rapid  work 
is  obtained. 

Their  long  reach  makes  it  unnecessary  to  drill 
large  sheets,  as  there  is  a  range  in  sizes  from  13" 
gap  to  50"  gap. 
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Jacks 


THE  DUFF  MANUFACTURING  CO. 

N.  S.  PITTSBURG,   PA.,   U.  S.  A. 

GENUINE  BARRETT  JACKS;  DUFF  BALL-BEARING  SCREW  JACKS;  DUFF-BETH- 
LEHEM FORGED  STEEL  HYDRAULIC  JACKS;  GEARED  RATCHET  LEVER  JACKS; 
AUTOMOBILE  JACKS;  TELESCOPE  SCREW  JACKS;  OIL  WELL  JACKS;  PIPE 
FORCING  JACKS;       MOTOR  ARMATURE  LIFTS,  ETC. 


BARRETT  TRACK  AND  AUTOMATIC  LOWERING  JACKS, 
are  made  both  single  and  double  acting,  in  every  type 
and  size— for  every  purpose,  ranging  in  capacity  from 
%  to  20  tons. 

They  are  quick  acting,  positive  and  durable,  and 
will  operate  on  continuous  work  at  low  maintenancecost. 

They  comprise  the  most  popular  line  of  lifting  jacks 
in  the  world  and  are  recognized  as  the  standard  by 
all  leading  railroads. 

DUFF  BALL-BEARING  GEARED  SCREW  JACKS 

Are  constructed  of  refined  malleable  iron  and  steel. 
All  gears  are  of  high  carbon  steel,  drop  forged,  and 
haA'e  machine-cut  teeth. 

The  load  is  carried  on  a  large  ball  bearing  of  special 
design,    reducing    friction   to   an    absolute    minimum. 

The  thrust  on  the  bevel  pinion  is  taken  by  another 
anti-friction  bearing,  an  exclusive  feature.  Made  in 
all  sizes  and  capacities  ranging  from  10  tons  to  75  tons. 

Sectional  View 
THE    DUFF-BETHLEHEM    FORGED    STEEL    HYDRAULIC    JACKS 

Forged  entirely  out  of  steel — the  latest  and  highest 
development  in  Hydraulic  Jacks,  they  are  more 
powerful,  3-et  from  30  to  60%  lighter  than  any  other 
Hydraulic  Jacks. 

The  design  embodies  no  joints,  few  packings  and 
but  a  third  the  number  of  parts  of  other  jacks  of 
similar  type. 

These  jacks  cause  no  trouble,  are  used  at  anj'  angle, 
and  operate  at  low  cost  under  continuous  service.  SectionaJ  View 

Made  in  101  sizes  and  capacities,  ranging  from  10  to  500  tons. 


e^a  BSAPiKS 


COMPLETE  INFORMATION. 

Concerning  the  above  and  other  types  of  lifting  jacks  maj'  be    secured 
by  addressing  this  company. 
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Pumps 


THE  CANTON-HUGHES  PUMP  CO. 

WOOSTER,   OHIO,   U.   S.    A. 

STEAM  PUMPS  AND  HYDRAULIC  MACHINERY 


Outside  End  Packed  Duplex  Pump 

Canton-Hughes  Pnnijts  are  of  l)oth  t\w  Duplex  and  Simplex  types, 
piston  and  plunger  packed,  and  of  superior  construction  throughout. 

Bv  the  use  of  large  valve  areas  and  water  passages,  friction  has  been 
reduced  to  a  mininuun. 

Canton-Hughes  Puniiis  are  made  to  last,  but  since  certain  portions  of 
even  the  best  construction  must  ultimately  wear  out,  we  ha\e  de\eloped 
our  repair  system  so  as  to  insure  that  repair  parts  will  fit. 

Care  has  been  taken  to  have  all  parts  readily  accessiljle.  Every  pump  is 
fully  guaranteed. 

Following  is  a  partial  list  of  the  different  styles  manufactured. 

Air  and  Circulating  Pumps  Geared  Pumps 

Air  Compres.sors,  Single  St'm Driven  General  Service  Duplex  Pumps 

Air  Compressors,  Duplex  St'm  Driven  Heavy  Liquid  Pumps 

Air  Compressors,  Belt  Driven  Heavy  Pressure  Pumps 

Automatic  Beer  Pumps  Heavy     Pressure     Outside     Packed 

Automatic  Feed  Pumps  &  Pieceivers        Pumps 

Ballast  Pumps  Hydraulic  Pumps 

Blowing  Engines  Jet  Condenser 

Boiler  Feed   Pumps,   Duplex  (up  to  Monitor  Duplex  Pum))s 

14  X  9  X  10)  Outside  Center  Packed  Pumps 

Compound     Duplex      Outside     End  Out.side  End  Packed  Pumps 

Packed  Pumps  Piston,  Duplex  Pumps 

Compound  Dviplex,  Three  liod  Type  Plunger,  Duplex  Pumps 

Pumps  Slip  Pumps 

Compound    Duplex    (ieneral    Service  Simplex  Pumps 


Pumps 
Compouiul  —  Single 
Condensers,  Crank  and  Fly  Wheel 
Condensers,  Jet 
Condensers,  Jet,  Triple 


Single  A'acuum  Pumps 
Sinking  Pumps 
Sewage  Pumps 
Tank  Pumps 
Tar  Pumps 


Corliss  Cross  Compound  Water  W'ks  Triple  Expansion  Pumping  Engines 

Crank     and     Fly     Wheel,     Vacuum,  Triple  Expansion  Eow  Service  Pumps 

Duplex  ITnderwriter  Fire  I'umps 

Filter  Press  Pumps  Vacuum  Pumps 

Fire  and  General  Service  Pumps  Water  AVorks  Pumps 
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Cont  raci  ^  I  a  nujactumig 


THE  TAFT-PEIRCE  MANUFACTURING 
COMPANY 

WOONSOCKKT,  R.  I. 

MANUFACTURING  MECHANICAL  ENGINEERS,  DESIGNERS  AND  BUILDERS  OF 
SPECIAL  TOOLS,  LIGHT  MACHINERY  AND  MECHANICAL  SPECLALITIES.  SPECIAL 
TOOL  EQUIPMENT  FOR  HAND  AND  AUTOMATIC  TURRET  LATHES,  COMBINA- 
TION GAUGES,  JIGS,  AND  FIXTURES,  PUNCHES  AND  DIES,  BORING  BARS, 
ARBORS,  ETC. 


The  Taft-Peirce  Manufacturing  Company  is  unique  among  manufactur- 
ing establishments,  in  that  its  activities  are  devoted  exclusively  to  contract 
manufacture  of  special  tools,  light  machinery,  and  mechanical  specialties 
in  which  accuracy  of  workmanship  and  interchangeability  of  parts  are 
essential. 

The  factory  buildings  are  of  standard  slow-burning  mill  type  construc- 
tion, designed  to  reduce  fire  hazard  to  a  minimum,  with  electric  transmis- 
sion for  power  and  lighting  service  throughout. 

Approximately  200,000  sq.  ft.  of  floor  space  is  available  for  manufacturing 
operations. 

The  Machine  Tool  Equipment  is  very  complete,  and  so  arranged  and 
maintained  as  to  secure  the  highest  attainable  efficiency  of  operation. 

For  Model-Making,  Designing,  Experimental  Wox'k,  and  the  development 
of  new  mechanisms  not  ready  for  public  view,  certain  sections  of  the  works 
are  so  arranged  that  development  work  and  manufacture  requiring  secrecy 
can  be  carried  through  by  engineers,  draftsmen,  and  such  mechanicians  as 
are  required.  Facilities  are  also  provided  for  development  work  and  man- 
ufacturing operations  being  conducted  under  the  direct  supervision  of  cus- 
tomers. 

This  establishment  also  furnishes  service  in  connection  with  the  design- 
ing of  Special  Tools  and  Automatic  Machinerj^  of  all  kinds,  and  in  the  re- 
designing of  Machines  and  Mechanical  Specialties  along  lines  best  calculated 
to  secure  economy  of  manufacture. 

The  Tool-Making  Department  is  provided  with  facilities  adequate  for 
the  needs  of  over  two  hundred  workmen.  In  this  department  is  handled 
the  manufacture  of  Jigs,  Fixtures,  Punches,  Dies,  and  other  special  tools, 
also  the  production  of  models  and  other  mechanisms  requiring  hand  work- 
manship of  the  highest  order. 

This  company  invites  correspondence,  and  will  be  pleased  at  all  times  to 
afford  prospective  customers  the  opportunity  for  an  inspection  of  the  plant. 
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ALPHA BETKAL  LIST  OF 

CONDENSED  (  ATALOGUE8  OF  MECHANICAL 

EQUIPjVIENT 


Allen,  Edgar  &  Co.,  Ltd 87 

American  Screw  Co 100,  101 

American  Tool  &  Machine  Co.  110,  HI 

Amsler  Gas  Power  Co 73 

Auburn  Ball  Bearing  Co 135 

Billings   &  Spencer  Co 94 

Bishop-Babcock-Becker  Co 46-47 

Bridgeport   Brass   Co 123 

Buffalo  Forge  Co 75 

Buffalo  Steam  Pump  Co 45 

Builders  Iron  Foundry 61 

Bullard  Machine  Tool  Co. . .  .112,  113 
Bury  Compressor  Co., 62-63 

Cameron,    A.    S.,    Steam    Pump 

Works 48 

Canton-Hughes  Pump  Co 138 

Carbondale  Machine  Co 79 

Carrier  Air  Conditioning  Co.  of 

America 74 

Champion  Rivet  Co 104 

Cincinnati    Gasket    &     Packing 

Co 128,  129 

Cincinnati  Milling  Machine.  .  .  .     116 

Cockburn  Co 49,  136 

Colonial  Steel  Co S8,  89 

Crocker-Wheeler  Co 80 

Davidson,  M.  T.  Co 50-51 

Deming  Co., 54 

Detroit  Screw  WorKs 99 

Doehler  Die-Casting  Co 108 

Dorr  Cyanide  Machinery  Co 134 

Duff  Manufacturing  Co 137 

Electro-Dynamic  Co 81 

Fairmont  Mining  Machinery  Co..  131 

Goldschmidt  Thermit  Co 92,  93 

Goulds  Manufacturing  Co 52-53 


Ideal  Opening  Die  Co. 
Jolly,  J.  &  W.,  Inc 


109 
55 


King  Machine  Tool  Co 114,  115 

:\Iorgan-Gardner  Electric  Co.  132,  133 

Morris  Machine  Works 56-57 

Morse  Twist  Drill  &  Machine  Co. .  105 
Mueller  Machine  Tool  Co 117 

National- Acme    Manufacturing 

Co 118,119 

New  England  Butt  Co 96,  97 

Niagara  Machine  &  Tool  Works    95 

Ohio-Sterling  Co 82 

Olsen,  Tinius,  &  Co 124 

Oneida  National  Chuck  Co 107 

Prentiss  Tool  &  Supply  Co ....  120,  121 

Reliance    Electric    &    Engineer- 
ing Co 84,    85 

Rhode  Island  Tool  Co 102,  103 

Robbins  &  Meyers  Co 83 

Roots,  P.  H.  &  F.  M.,  Co 66-67 

Ruggles-Coles  Engineering  Co... 76,  77 

Scaife,  Wm.  B.,  &  Sons  Co.. .  .  126,  127 

Siemens  &  Halske 86 

Sterling  Blower  Co 68 

Sterling  Machine  Co 130 

Sullivan  Machinery  Co r)4-65 

Taft-Peirce  Co 139 

Tate,  Jones  &  Co.,  Inc 70,71,72 

Toledo  Electric  Welder  Co 91 

Turner,  Vaughn  &  Taylor  Co. .  .     98 

Union  Fibre  Co 78 

Warner  &  Swasey  Co 122 

Wells  Bros.  Co 106 

Wheelock,  Lovejoy  &  Co 90 

Wilbraham-Green  Blower  Co....  69 

Willcox  Engineering  Co 125 

Wilson-Snyder  Mfg.   Co 60 

Wood,  R.  D.,  &  Co 58-59 
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DISPLAY 


ALPHABETICAL  LIST  OF 
ADN'EKTISEMENTS  AND  DIKECTORY  CAKDS 


Page 

Alliance  Machine  Co 24,  38 

Allis-Chalmers  Co.  ..16,  18,  31,36,  42 

Almy  Water  Tube  Boiler  Co 29 

American  Engine  Co 18,  29 

American    Injector    Co 32 

American    Pulley    Co 37 

American  Steam  Gauge  &  Valve 

Mfg.  Co 32 

American  Steam  Pump  Co 25,  36 

Arnold   Co.,   The 26 

Ashton  Valve  Co 32 

Babcock  &  Wilcox  Co 18,  29 

Baldwin,   Bert  L 26 

Ball  Engine  Co 17,  30 

Bristol  Co 19,  32 

Broderick  &  Bascom  Rope  Co.  22,  38 

Brown,  A.  &  F.  Co.,  The 16,  37 

Brown  Hoisting  Mchy .  Co 38 

Bruce-Macbeth   Engine  Co 31 

Buckeye  Engine  Co 13,  30 

Builders  Iron  Foundry 43 

Bulkley,   Henry  W..". 32 

Butterfield  &  Co 27 

Caldwell  &  Son  Co.,  H.  W 39 

Carborundmn  Co 27 

Carpenter  Tap  &  Die  Co.,  J.  M.  5,  27 

Chapman  Valve  Mfg.  Co 33 

Chicago  Pneumatic  Tool  Co 41 

Cincinnati  Gear  Cutting  Machine 

Co 27 

Cincinnati  Shaper  Co 27 

Clyde  Iron  Works 23,  39 

Crosby  Steam  Gage  &  Valve  Co  . .  33 

Dallett  Co.,  Thos.  H 41 

Davidson  Co.,  M.  T 36 

Dean,  F.  W.,  Inc 26 

Dearborn  Drug  &  Chemical  Wks. .  33 
De  La  Vergne  Machine  Co..  .  .  13,  31 

Dodge,  Day  &  Zimmermann 43 

Dodge  Manufacturing  Co 38 

Eastern  Machinery  Co 39 

Electrical  Testing  Laboratories . .  26 
Engineering  Schools  &  Colleges . .  26 


Page 
Erie  City  Iron  Works 30 

Fellows  Gear  Shaper  Co 27 

Garvin  Machine  Co 4,  27 

General    Electric    Co 10,  42 

Goodrich  Co.,  B.  F 21,  39 

Goulds  Mfg.  Co 25,  37 

Hammacher,  Schlemmer  &  Co.  7,  28 
Harrisburg   Foundry  &  Machine 

Works  30 

Heine  Safety  Boiler  Co 19,  30 

Herrick,  J.  A 26 

Hewes  &  Phillips  Iron  Works.  .15,  30 

Hill  Clutch  Co 38 

Holyoke  Machine  Co 37 

Homestead  Valve  Mfg.  Co 33 

Hooven-Owens-Rentschler  Co.  19,  30 

Hughson  Steam  Specialty  Co 33 

Hyatt  Roller  Bearing  Co 8,  43 

Ide&  Sons,  A.  L 30 

Ingersoll-Rand  Co...  .9,  28,  33,41.  42 

Jeffrey  Mfg.  Co 23,  39 

Jenkins    Bros 18,  33 

Jones  &  Lamson  Machine  Co.  2,  3,  28 

Keasbey  Co.,  Robt.  A 33 

Kennedy  Valve  Mfg.  Co 19,  34 

King  Machine  Tool  Co 28 

Le  Blond  Machine  Tool  Co.,  R.  K.  28 

Lidgerwood  Mfg.  Co 39 

Link-Belt  Co 39 

Ludlow  Valve  Mfg.  Co    34 

Lunkenheimer  Co.,  The 17,  34 

Main,  Chas.  T 26 

Manning,  Maxwell  &  Moore 7,  28 

Mead-Morrison  Mfg.  Co 20,  39 

Mietz    Iron   Foundry  &  Machine 

Works,    August 32 

Model  Stoker  Co 34 

Monarch  Valve  &  Mfg.  Co 34 
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Page 

Morehead  Mfg.  Co 34 

Morgan  Engineering  Co 40 

Morris  Machine  Works 25,  37 

Murphy  Iron  Works 34 

National  Meter  Co 1 1.  32 

Nelson  Valve  Co 12,  34 

New  Process  Raw  Hide  Co 4,  28 

New  York  University  School  of 

Applied   Science 26 

Niles-Bement-Pond  Co 28 

Northern  Engineering  Works.  .24,  40 

Ohio  Injector  Co 35 

Oneida  Steel  Pulley  Co 37 

Paxson  Co.,  J.  W 42 

Peterson,  J.  Wm 26 

Pickering  Governor  Co 35 

Polytechnic  Institute  of  Brooklyn  26 

Power  Plant  Specialty  Co 35 

Power  Specialty  Co 35 

Pratt  &  Whitney  Co 1 

Professional    Cards 26 

Providence  Engineering  Works..  31 

Quimby,  Wm.  E.,  Inc 37 

Reedy  Co.,  H.  J 23,  40 

Rensselaer  Polytechnic  Institute.  26 
Ridgway  Dynamo  &  Engine  Co.  15,  31 
Robb  Engineering  Co.,  Ltd...  16,  31 

Robins  Conveying  Belt  Co 40 

Rockwood  Manufacturing  Co....  38 
Roebling's  Sons  Co.,  John  A.. 22,  40 


Page 

Roots,  Co.,  P.  H.  &  F.  M 41 

Ruggles-Coles  Engineering  Co. ...  41 
Russell,  Burdsall  &  Ward  Bolt  and 
Nut  Co 7,  29 

Scaife&  Sons  Co.,  Wm.  B 35 

Shaw  Electric  Crane  Co 40 

Sherwood  Manufacturing  Co 35 

Simmons  Co.,  John 14,  35 

Sims  Co.,  The 35 

Standard  Roller  Bearing  Co.. 16,  43 
Sturtevant  Co.,  B.  F 41 

Tagliabue  Mfg.  Co.,  C.  J 36 

Tight  Joint  Co 36 

Tufts  College 26 

United    Engineering    &    Foundry 

Co 6,  29 

United  Steel  Co 43 

Wagner  Electric  Mfg.  Co 42 

Waltham  Machine  Works 29 

Warner  &  Swasey  Co 1,  29 

Webster  Mfg.  Co.,  The 40 

Westinghouse  Electric  Mfg.  Co.  11 ,  42 

Westinghouse  Machine  Co 31 

Wheeler  Condenser  &  Engrg.  Co.  .  36 

Wheeler  Mfg.  Co.,  C.  H 36 

Whiting  Foundry  Equipment  Co.24, 43 

Williams  &  Wilkius  Co 25 

Wood's  Sons  Co.,  T.  B 38 

Woods  Machine  Co.,  S.  A 5,  43 

Yale  &  Towne  Mfg.  Co 21.  40 
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COMING  MEETINGS 

NEW  YORK  MEETING,  OCTOBER  9 

Attention  is  called  to  the  change  of  date  of  the  October  meeting, 
which  will  be  held  on  Monday  evening,  October  9,  to  permit  the 
attendance  of  the  members  of  the  National  Machine  Tool  Builders 
Association  whose  convention  in  New  York  opens  on  the  following 
day  and  to  whom  a  cordial  invitation  to  be  present  has  been  sent. 
The  meeting  will  have  the  following  general  program: 

A  paper  will  be  presented  by  L.  P.  Alford,  editor-in-chief  of  The 
American  Machinist,  and  H.  C.  Farrell,  mechanical  engineer  of  the 
United  Shoe  Machinery  Company,  on  Factory  Construction  and 
Arrangement  with  special  reference  to  the  construction,  development 
and  arrangement  of  the  United  Shoe  Machinery  Company's  plant 
at  Beverly,  Mass.  Discussion  will  be  grouped  under  the  following 
heads  and  illustrated  by  lantern  slides  in  so  far  as  possible. 

a  Machinery  Arrangement,  covering  the  different  methods 
of  arranging  machinery  for  manufacturing,  to  be  discussed 
by  Alexander  Taylor,  manager  of  works,  Westinghouse 
Electric  &  Manufacturing  Company,  East  Pittsburg,  Pa. ; 
L.  D.  Burlingame,  chief  draftsman,  Brown  &  Sharpe 
Manufacturing  Company,  Providence,  R.  I.;  and  Charles 
Day  of  Dodge,  Day  &  Zimmerman,  Philadelphia, 
b  Artificial  Shop  Lighting,  dealing  with  the  advantages  and 
disadvantages  of  diffused  illumination,  and  the  best  types 
of  lamps  versus  the  advantage  of  individual  lights  at 
each  machine.  This  will  be  discussed  by  C.  E.  Clewell^ 
3 
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Westinghouso  Electric  &  Manufacturing  Company,  East 
Pittsburg;  G.  H.   Stickney,  General   Electric  Company, 
Schenectady,    N.    Y.;    and    H.    0.    Stewart,   Rochester 
Railway  &  Light  Company,  Rochester,  N.  Y. 
c  Factory  Floors,  giving  the  relative  advantages  and  disad- 
vantages of  concrete  floors,  composition  floors  and  wood 
floors,  to  be  discussed  by  L.  C.  Wasson,  Aberthaw  Con- 
struction Company,  Boston,  Mass.;  Henry  Hess,  presi- 
dent, Hess-Bright  Manufacturing  Company,  Philadelphia ; 
Gilbert  Arnold,  Stamford,  Conn.;  H.  M.  Lambourn,  Yale 
&  Towiie  Manufacturing  Company,  Stamford,  Conn. 
The  subjects  are  live  ones  and  a  large  attendance  is  expected.     In 
addition  to  the  discussors  announced,  all  are  invited  to  participate 
in  the  general  discussion  which  will  follow  the  formal  j)resentation. 

BOSTON  MEETING,  OCTOBER  18 

A  meeting  of  the  Society  with  the  Boston  section  of  the  American 
Institute  of  Electrical  Engineers  and  the  Boston  Society  of  Civil 
Engineers,  will  be  held  in  Chipman  Hall,  Tremont  Temple,  on  October 
18.  The  Boston  Society  of  Civil  Engineers  will  have  charge  of  the 
meeting  and  a  paper  wiU  be  read  on  Power  System,  Pacific  Mills, 
Method  and  Rule  Form  and  Cost  of  Operation,  by  Fred  A.  Wallace, 
master  mechanic  of  the  Pacific  Mills,  Lawrence,  Mass. 

NEW  HAVEN  MEETING,  NOVEMBER  15 

A  meeting  of  the  Society  wall  be  held  in  New  Haven  on  Wednesday, 
November  15,  in  the  lecture  room  of  the  Mason  Laboratory  of  Mechan- 
ical Engineering  of  the  Sheffield  Scientific  School.  Sessions  will  be 
arranged  to  occupy  both  afternoon  and  evening. 

ANNUAL  MEETING 

Plans  are  already  in  progress  for  the  Annual  Meeting  of  the  Society 
to  be  held  on  December  5-8,  the  entertainment  and  social  features 
of  which  will  again  be  in  charge  of  the  Committee  on  Meetings  of  the 
Society  in  New  York.  Edward  Van  Winkle  has  been  appointed 
chairman  of  the  general  Committee  on  Entertainment,  with  sub- 
committees to  be  announced  later,  and  Mrs.  Jesse  M.  Smith  will  this 
year  be  in  charge  of  the  Ladies  Committee  which  will  as  usual  add 
much  to  the  social  side  of  the  gathering. 


CURRENT  AFFAIRS  OF  THE  SOCIETY 

NOTABLE    IMPROVEMENTS   IN   THE    LIBRARY 

Some  much  needed  improvements  have  been  made  in  the  library 
room  of  the  Engineering  Societies  ckiring  the  summer  months  by  the 
Library  Committee  of  the  Founder  Societies.  Following  out  the 
original  design  of  the  architect,  a  second  tier  of  stacks  has  been  erected 
above  the  original  tier,  nearly  doubling  the  cajDacity  of  the  main  room 
of  the  library.  The  framework  and  stairways  are  of  steel  construc- 
tion and  the  flooring  of  glass  to  permit  the  passage  of  light. 

The  library  now  presents  an  appearance  of  even  greater  spacious- 
ness than  formerly  and  enjoys  a  collection  and  equipment  in  which 
the  membership  maj"  well  take  pride.  The  new  space  provided  is 
used  largely  for  bound  sets  of  periodicals,  transactions,  etc.,  formerly 
kept  in  the  stack  room  on  the  floor  below,  so  that  they  are  now 
accessible  for  reference.  The  work  was  completed  in  time  for  the 
21st  annual  convention  of  the  New  York  Library  Association,  which 
opened  in  the  Engineering  Societies'  Building  on  September  26,  and 
which  was  attended  by  several  hundred  librarians  from  different 
parts  of  the  country. 

A  mural  painting,  entitled  ''Engineering,"  by  F.  Dana  Marsh,  has 
also  been  placed  in  the  large  wall  space  at  the  rear  of  the  library  and 
greets  the  eye  of  the  visitor  as  he  enters  the  room.  The  painting  was 
exhibited  by  Mr.  Marsh  at  the  Pennsylvania  Academy  last  winter 
and  has  been  placed  by  him  in  its  present  position,  where  it  is  hoped 
that  it  may  remain  through  purchase  by  the  societies  or  by  individ- 
uals. The  mural  bears  the  inscription:  "Engineering — -the  art  of 
organizing  and  directing  men  and  of  controlling  the  forces  and  mate- 
rials of  nature  for  the  benefit  of  the  human  race,"  Tredgold's  famous 
definition  of  engineering.  It  shows  against  a  background  of  great 
engineering  works  the  mind  and  muscle  which  enter  into  their  making. 
Various  tools  are  in  the  foreground  and  silhouetted  against  the  sky 
are  steel  structures  in  process  of  erection.  Groups  of  men  are  at  work, 
one  of  them  s\vinging  a  crane  into  position  for  hoisting  a  djaiamo. 
In  the  center  is  the  engineerrih-chief,  blueprint .  in  hand,  directing 
the  work  and  bringing  order  out  of  chaos. 
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SOCIETY   BOOKPLATE 


A  bookplate,  a  representation  of  which  appears  herewith,  repro- 
duced full  size,  has  been  adopted  by  the  Library  Committee  and 
will  be  placed  in  those  books  in  the  Engineering  Societies  Library 
owned  by  the  Society.     This  has  been  secured  through  the_efforts  of 


Ambrose  Swasey  who  was  appointed  several  years  ago  to  take  up  the 
question  of  a  suitable  design.  It  bears  the  seal  of  the  Society  above 
an  open  volume  and  also  the  words,  Ex  libris  American  Society  of 
Mechanical  Engineers. 
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PLANS   FOR  FINANCING   LOCAL  MEETINGS 

At  a  special  meeting  of  the  Council  held  on  September  15,  a  report 
of  which  \\ill  be  found  elsewhere,  action  was  taken  upon  matters  of 
unusual  importance.  One  of  these  was  the  result  of  a  direct  canvass 
of  the  membership  in  New  York  as  to  the  best  method  of  raising  funds 
for  the  conduct  of  meetings  in  New  York,  of  other  than  a  purely  tech- 
nical character,  which  are  of  course  paid  for  out  of  Society  funds. 
This  has  heretofore  been  done  by  individual  subscriptions,  but  the 
plan  has  also  been  proposed  and  approved  by  many  of  increasing  the 
dues  of  local  members  as  is  done  by  some  societies.  The  Council, 
however,  has  outlined  in  a  communication  to  the  membership,  pub- 
lished elsewhere,  their  desire  to  place  the  whole  matter  on  a  broader 
basis  and  to  grant  to  local  branches  or  professional  sections  generally 
the  privilege  of  financing  their  activities.  The  matter  is  to  be  placed 
in  the  hands  of  a  committee  for  formulation. 

CHANGE  IN  PRICE  OF  THE  JOURNAL 

The  other  action  taken  by  the  Council  is  a  reduction  in  the  sub- 
scription price  to  The  Journal,  making  the  price  to  the  public  S3  a 
year  and  35  cents  a  copy  and  $2  per  year  to  members,  25  cents  per 
copy,  which  is  to  be  included  in  the  dues  as  heretofore.  The. objects 
of  a  great  engineering  society  should  be  large  and  were  well  expressed 
by  the  founders  of  this  Society  in  its  Constitution  which  states  that 
"it  is  to  promote  the  arts  and  sciences  connected  with  engineering 
and  mechanical  construction."  One  of  the  ways  in  which  this  object 
can  be  attained  is  by  distributing  its  literature  as  widely  as  possible 
for  the  benefit  of  the  profession  and  to  this  end  the  subscription  price 
of  The  Journal  is  made  at  the  cost  of  production.  At  the  rate  of  .$3 
per  year  it  should  be  possible  to  secure  among  the  engineering  pro- 
fession a  much  wider  reading  of  The  Journal  and  of  papers  presented 
to  the  Society,  thus  adding  to  the  prestige  of  the  Society  and  directly 
benefiting  its  members. 

BROADENING  OF  THE  SOCIETY'S  ACTIVITIES 

It  is  generally  recognized  that  mechanical  engineering  is  the  founda- 
tion of  engineering  as  a  whole  and  that  it  is  inclusive  of  many 
branches  of  engineering.  This  is  indicated  by  a  glance  at  The 
.lournal  of  the  Society  for  the  past  year  in  which  will  be  noted  papers 
upon  a  great  diversity  of  subjects,  extending  over  as  wide  a  range  as 
the  following  topics,  taken  at  random;     Milling  Cutters,  Manufac- 
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ture  of  Small  Machine  Parts,  Cement  Machinery,  Steam  Turbines, 
Purchase  of  Fuel,  Farm  Tractors,  Building  Materials  and  Fires, 
Handling  Freight,  Regulation  of  Hydraulic  Turbines,  Smoke  Abate- 
ment, Molding  ]\Iachines,  Prevention  of  Accidents,  Blast-Furnace 
Gas- Power  Plants,  Blowing  Engines. 

In  recognition  of  this  situation  and  with  the  desire  that  the  Trans- 
actions of  the  Society  shall  fairly  represent  the  whole  field  which  it 
purports  to,  and  shall  contain  authoritative  papers  on  the  many  sub- 
jects considered,  the  Committee  on  Meetings  have  issued  a  circular 
to  the  membership  outlining  the  plan  for  the  formation  of  a  large 
number  of  sub-committees  of  their  committee.  These  are  to  repre- 
sent the  different  branches  of  mechanical  engineering  and  are  to  Ix^ 
composed  of  experts  in  those  branches  especially  qualified  to  secure 
the  best  possible  material  for  the  meetings  of  the  Society,  who  will 
also  aid  in  bringing  the  Society  and  its  work  to  the  attention  of  related 
bodies  in  a  way  that  has  never  before  been  possible. 

It  is  essential  that  in  inaugurating  so  important  a  policy  the  co- 
operation of  the  entire  membership  be  secured  and  the  members  are, 
therefore,  asked  to  fill  in  the  blanks  which  have  been  sent  them  with 
suggestions  of  names  of  members  for  the  various  committees.  It  is 
not  necessary  that  these  names  should  be  of  members  of  the  Society, 
inasmuch  as  it  is  desired,  first  of  all,  to  secure  the  best  possible  selec- 
tion of  names  without  regard  to  relationship  with  the  Society. 

Three  connnittees  have  already  been  formed  and  are  doing  excel- 
lent work.  One  upon  the  Cement  Industry  was  formed  last  spring 
and  held  a  most  successful  meeting  at  the  spring  convention  at  Pitts- 
burgh, and  also  have  plans  under  way  for  another  meeting.  A  second 
committee  on  the  Manufacture  of  Textiles  are  arranging  for  a  session 
at  the  annual  meeting.  The  third  committee  on  Machine  Shop 
Practice  has  made  similar  progress.  The  successful  work  of  the  Gas 
Power  Section  was  evident  at  the  Pittsburgh  meeting,  where  the 
Gas  Power  session  was  largely  attended. 

LAND    FUND 

The  responses  to  the  circular  of  the  Finance  Committee,  Messrs. 
R.  M.  Dixon  and  W.  H.  Marshall,  have  been  gratifying.  Of  the 
$81,000  needed,  certificates  to  the  amount  of  $60,000  have  been  en- 
gaged and  $40,000  actually  paid  in.  There  still,  however,  remains 
practically  $20,000  to  be  secured  and  the  membership  is  urged  to 
call  the  matter  to  the  attention  of  all  who  may  be  able  to  transfer 
invesments  and  so  accomplish  the  purpose  of  the  membership. 
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ADDED  CONVENIENCES  FOR  MEMBERS 

The  attention  of  the  members  of  the  Society  is  called  to  the  added 
facilities  recently  conii)leted  in  the  mezzanine  lavatory  located  below 
the  ground  floor  of  the  Engineering  Societies'  Buildinc^.  Dressing 
booths  have  been  installed  with  all  the  necessary  fixtures  for  chang- 
ing clothes  for  evening  dress,  thereby  saving  the  cost  of  hotel  expen- 
ses to  members.  The  check  room  for  coats,  etc.,  is  on  the  second 
floor  and  it  is  hoped  that  members  will  avail  themselves  of  these 
conveniences.     All  members  are  entitled  to  use  these  without  expense. 

Calvin  W.  Rice,  Secretary. 


REPORTS  OF  MEETINGS  AND  ANNOUNCEMENTS 

ST.  LOUIS  MEETING,  SEPTEMBER  20 

The  members  of  the  Society  participated  in  the  first  meeting  for 
the  season  of  the  Engineers  Club  of  St.  Louis,  together  with  other 
engineering  societies  located  in  that  city.  A  paper  on  the  Colorado 
Springs  Water  Works,  illustrated  by  very  fine  lantern  slides,  was 
presented  by  Hiram  Phillips,  member  of  the  Engineers  Club  and  of 
the  American  Society  of  Civil  Engineers. 

SPECIAL  MEETING  OF  THE  COUNCIL 

A  special  meeting  of  the  Council  was  held  on  September  15,  1911, 
in  the  Society  rooms,  with.  President  E.  D.  Meier  in  the  chair.  There 
were  present  Chas.  Whiting  Baker,  R.  M.  Dixon,  Stanley  G.  Flagg, 
H.  L.  Gantt,  E.  M.  Herr,  Alex.  C.  Humphreys,  I.  E.  Moultrop,  H. 
G.  Stott,  H.  H.  Vaughan,  Wm.  H.  Wiley,  and  the  Secretary.  By 
invitation  Walter  Rautenstrauch,  Chairman,  F.  A.  Waldron,  Sec- 
retary, and  Edward  Van  Winkle,  of  the  New  York  Committee  on 
Meetings,  were  also  present. 

The  President  appointed  H.  L.  Gantt  and  Wm.  H.  Wiley,  tellers 
of  election  on  the  ballot  cast  for  the  admission  of  J.  A.  F.  Aspinall 
to  honorary  membership  and  on  their  report  Mr.  Aspinall  was  de- 
clared elected. 

The  proposed  amendment  to  C  57  of  the  Constitution  was  dis- 
cussed.    (See  notice  to  the  membership  appearing  on  another  page.) 

The  Executive  Committee  was  appointed  a  special  committee  to 
advise  with  the  Secretary  in  the  preparation  of  a  circular  to  be  issued 
to   the   membership   concerning  this   matter. 

^''oted:  To  rescind  all  previous  action  regarding  the  subscription 
price  of  The  Journal  and  that  the  following  action  be  taken: 

Voted:  In  accordance  with  the  suggestions  of  the  Postoffice  De- 
partment, that  the  subscription  to  The  Journal  be  two  dollars  to  mem- 
bers of  the  Society  in  all  gTades,  to  student  members  and  affiliates  of 
the  Society  paying  dues,  members  of  affiliated  societies  who  do  not 
pay  dues,  members  of  the  three  sister  national  engineering  societies, 
libraries  and  colleges;  to  non-members  not  included  in  the  above, 
three  dollars. 
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Voted:  To  adopt  the  following  amendment  to  By-Law  18,  all 
requirements  having  been  met: 

The  Council  at  any  meeting  may,  in  its  discretion  permanently  remit  the  dues 
of  any  full  Member  of  the  Society  who  has  been  paying  dues  for  thirty  consecu- 
tive years  or  who  shall  have  reached  the  age  of  seventy  years  after  having  paid 
dues  for  twenty-five  consecutive  years,  provided  that  notice  of  such  proposed 
action  shall  have  been  given  at  a  previous  meeting  of  the  C'ouncil  and  the  Com- 
mittee on  Membership  shall  have  concurred  in  recommending  that  this  action 
be  taken.  The  Council  may  in  its  discretion,  restore  to  membership  any  per- 
son dropped  from  the  rolls  for  non-payment  of  dues,  or  otherwise,  upon  such 
terms  and  conditions  as  it  may  at  the  time  deem  best  for  the  interests  of  the 
Societ}^ 

1  oted:  To  confirm  the  appointment  by  the  President  of  the  fol- 
lowing Committee  to  Formulate  Standard  Specifications  for  the  Con- 
struction of  Steam  Boilers  and  other  Pressure  Vessels  and  for  the  Care 
of  Same  in  Service:  John  A.  Stevens,  Chairman,  E.  F.  Miller,  C.  L. 
Huston,  H.  C.  Meinholtz,  R.  C.  Carpenter,  W.  H.  Boehm. 

Voted:  To  confirm  the  formation  of  a  Student  Branch  at  Lehigh 
University. 

Voted:  To  approve  the  design  for  a  student  members'  pin,  as 
submitted  by  the  State  University  of  Kentucky. 

Voted:  To  confirm  appointment  of  the  following  sub-committee 
on  Machine  Shop  Practice  of  the  Committee  on  Meetings: 

F.  E.  Rogers,  Chmn.,  L.  D.  Burlingame,  W.  L.  Clark,  W.  A.  Diefen- 
dorf,  A.  L.  DeLeeuw,  F.  L.  Eberhardt,  F.  A.  Errington,  A.  A.  Fuller, 
H.  D.  Gordon,  H.  K.  Hathaway,  E.  J.  Kearney,  Wm.  Lodge. 

Voted:  To  confirm  appointment  of  the  following  sub-committee 
on  Cement  Industry  of  the  Committee  on  Meetings: 

W.  R.  Dunn,  Chmn.,  J.  G.  Berguist,  W.  F.  Cowham,  J.  W.  Fuller, 
Jr.,  L.  L.  Grifiiths,  E.  M.  Hagar,  L.  Lehigh  Hunt,  F.  W.  Kelley, 
Morris  Kind,  F.  H.  Lewis,  R.  K.  Meade,  Ejnar  Posselt,  H.  J.  Seaman, 
A.  C.  Tagge,  H.  Struckmann,  P.  H.  Wilson. 

Voted:  That  the  Society  officially  participate  in  the  12tli  Inter- 
national Congress  of  Navigation  to  be  held  in  Philadelphia,  and  that 
a  committee  be  appointed  by  the  chair  to  arrange  the  details. 

Voted:  To  confirm  the  action  of  the  Secretary  in  offering  the  use 
of  the  Society  rooms  to  the  American  Society  of  Refrigerating  Engi- 
neers for  the  reception  of  foreign  delegates  on  the  occasion  of  the  inter- 
national congress  to  be  held  in  1913. 

Voted:  That  the  Secretary  reply  to  invitations  received  for  the 
Spring  Meeting  of  the  Society,   notably  from  Baltimore  and  the 


12  SOCIETY   AFFAIRS 

Boston  Chamber  of  Commerce,  that  same  will  be  presented  before 
the  Sprmg  Meetmg  in  1912,  at  which  time  the  place  for  the  next  semi- 
annual meeting  will  be  determined. 

Voted:  To  confirm  the  appointment  of  Paul  Doty  and  Max  Toltz 
as  Honorary  Vice-Presidents  to  represent  the  Society  at  the  inaugu- 
ration of  President  Vincent  of  the  University  of  Minnesota,  on  Octo- 
ber 18. 

Voted:  To  approve  the  appointment  by  the  President  of  Louis 
Bendit,  R.  J.  McCarty,  F.  L.  Oilman,  J.  L.  Harrington,  J.  H.  Muhl- 
felt,  as  Honorary  Vice-Presidents  to  the  Third  National  Conserva- 
tion Congress,  to  be  held  in  Kansas  City  September  25-27,  1911. 

The  Secretary  expressed  the  appreciation  of  Mrs.  Chas.  Wallace 
Hunt  and  her  family  for  the  bound  memorial  of  Mr.  Hunt,  presented 
by  the  Council. 

The  following  deaths  were  reported:  A.  E.  Boehm,  J.  A.  Caldwell, 
A.  J.  Hewlings,  C.  J.  Larson,  E.  B.  Yaryan,  M.  L.  Abrahams,  H.  A. 
Fergusson,  C.  A.  Hague,  D.  H.  Haywood,  C.  S.  Humphrey,  Francis 
Schumann,  D.  G.  Moore,  Jas.  Christie. 

The  following  resignations  were  received  and  accepted  with  regret : 
H.  B.  P.  Wicks,  Dermot  McEvoy,  J.  B.  Spencer,  C.  E.  Rommel, 
Mark  Robinson,  0.  M.  Stimson,  William  Hardie. 

Voted:  That  the  President  be  requested  to  send  a  special  note  of 
congratulation  to  Mr.  A.  M.  Hunt,  Chairman  of  the  San  Francisco 
Connnittee  on  Meetings,  for  the  selection  of  subject  of  Oil  Fuel  and 
the  able  way  in  which  it  was  handled,  as  reported  in  the  August  issue 
of  The  Journal. 

]'oted:     To  a])prove  the  minutes  of  the  Council  for  May  30. 

The  Meeting  adjourned. 


AMENDMENT  TO  THE  CONSTITUTION 

At  the  Spring  ]\Ieeting,  the  Committee  on  Meetings  of  the  Society 
in  New  York,  presented  the  following  amendment  to  the  Constitu- 
tion : 

Members  of  all  grades  residing  in  New  York  and  vicinity,  and  represented 
by  the  Committee  on  Meetings  in  New  York  city,  shall  have  the  privilege  and 
authority  by  majority  vote  of  such  membership,  to  increase  their  annual  duos 
by  the  sum  of  $3.00,  such  increase  to  be  applied  to  financing  such  entertain- 
ment features  of  the  Annual  Meetings  in  New  York  city  and  its  own  local  meet- 
ings, as  their  Committee  on  Meetings  in  New  York  city  may  elect. 
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TIk'  tollowiii.a;  comincnt  lius  been  made  by  the  Coininittec!  on  Aleet- 
ings  in  New  York: 

In  justification  of  this  amendment  let  it  be  understood  that  the  members 
residing  in  New  York  City  have  always  paid  for  the  entertainments  given  in 
connection  with  the  Annual  Meetings  of  the  Society.  Their  committee  ap- 
pointed to  provide  such  entertainment  has  had  to  assume  the  obligations  in- 
curred thereby  and  beg  among  the  members  for  subscriptions  to  meet  the  bills. 
This  has  resulted  in  the  burden  coming  heavily  on  some  and  being  shifted  by 
others.  A  canvass  of  the  New  York  membership  relating  to  this  method  of 
raising  the  funds  has  shown  it  to  be  very  unpopular.  In  fact  82  per  cent  of  the 
replies  received  from  this  canvass  favored  the  plan  of  a  $3  annual  assessment 
for  all  New  York  members.  This  amendment,  therefore,  is  intended  to  give 
the  Committee  on  Meetings  in  New  York  City  the  proper  authority  to  collect 
the  sum  which  the  New  York  membership  by  majority  vote  decides  each  mem- 
ber should  contribute.  The  adoption  of  this  amendment  will  result  in  placing 
the  entertainment  program  of  the  Annual  Meeting  on  a  sure  and  stable  finan- 
cial footing. 

COMMENT    OF   THE    COUNCIL 

Under  C  57  of  the  Constitution  the  Council,  if  it  so  elects,  may 
comment  upon  notices  of  amendment  to  the  Constitution,  at  the  time 
the  notice  is  sent  to  the  membership  and  at  a  special  meeting  for  that 
purpose  the  Council  on  September  15,  passed  the  following  resolu- 
tion : 

Voted:  That  in  the  opinion  of  the  Council  an  amendment  to  the  Consti- 
tution which  makes  possible  a  compulsory  assessment  for  the  purpose  of  enter- 
tainment, is  undesirable.  They  consider  that  the  suggested  amendment  of 
the  New  York  members  requires  careful  consideration  with  a  view  to  develop- 
ing a  suitable  plan  for  the  purpose  of  financing  geographic  or  professional  sec- 
tion meetings. 

Voted:  That  a  Committee  be  appointed  by  the  President  to  prepare  plans 
for  the  proper  organization  and  financing  of  local  branches  or  professional 
sections  of  the  Society,  with  instructions  to  prepare  such  an  amendment  to  the 
proposed  amendment  of  the  Committee  on  Meetings  in  New  York  as  will  make 
it  generally  applicable  to  all  members  and  conform  to  a  definite  scheme  which 
is  to  be  submitted  to  the  Council  previous  to  the  annual  meeting. 

In  the  opinion  of  the  Council,  the  Constitution  should  govern  the 
Society  generally  rather  than  provide  for  special  conditions.  To  that 
end,  the  Council  trusts  the  proposed  amendment  will  be  so  revised 
at  the  coming  Annual  Meeting,  as  to  provide  that  the  members, 
meeting  in  a  given  locality,  have  authority  to  make  assessments  for 
such  Society  purposes  as  these  members  may  desire. 
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TRANSA("riON8,  \  GLUME  82 

In  connection  with  the  issuance  of  Transactions,  Volume  32, 
covering  the  year  1910,  attention  is  called  to  the  following  matter 
which  has  never  been  published  in  The  Journal: 

Symposium  on  Railway  Electrification 

Electrification  of  Suburban  Railways,  F.  W.  Carter 
Cost  of  Electrically-Propelled  Suburban  Trains,  H.  M.  Hobart 
Discussion  on  Railway  Electrification 
Symposium  on  Locomotive  Handling  at  Terminals 
English  Running-Shed  Practice,  Cecil  W.  Paget 
Discussion  on  Locomotive  Handling  at  Terminals 
Symposium  on  High-Speed  Tools 

High-Speed  Tools  and  Machines  to  Fit  Them,  H.  I.  Brackenbury 
Topical  Discussion  of  High-Speed  Tools 

Rapid  Production  in  Machine  Work,  John  Calder 

Data  on  Manufacturing  Methods  with  Machine  Tools,  L.  D. 

Burhngame 
Development  of  High-Speed  Milling  Machines,  L.  P.  Alford 
Discussion  on  High-Speed  Tools 
Symposium  on  Gearing 

Tooth  Gearing,  J.  D.  Stevens 
Closures  by  Wilfred  Lewis  and  J.  D.  Stevens 
Discussions 

The  Transmission  of  Heat  in  Surface  Condensation,    George  A. 

Orrok 
Combustion  and  Boiler  Efficiency,  Edw.  A.  Uehling 
Operating  Conditions  of  Passenger  Elevators,  R.  P.  Bolton 
First  Large  Gas-Engine  Installation  in  American  Steel  Works,  E.  P. 

Coleman 
Sjnmposium  on  Grinding 

The  Field  for  Grinding,  C.  H.  Norton 
Precision  Grinding,  W.  A.  Viall 
Modern  Grinding  Methods,  B.  M.  W.  Hanson 
Steam  Turbine  Tests 

Test  of  a  10,000- Kw.  Steam  Turbine,  S.  L.  Naphtaly 
Test  of  a  9,000-Kw.  Turbo-Generator  Set,  F.  H.  Varney 


NECROLOGY 

WILLIAM  LESTER  CANNIFF 

William  Lester  Canniff  was  born  in  Berea,  Ohio,  on  May  23, 1862, 
and  received  his  education  in  the  public  schools,  acquiring  his  mechan- 
ical training  through  his  own  efforts  and  through  experience.  After 
obtaining  a  general  knowledge  as  a  machinist,  electrician  and  sta- 
tionary engineer,  he  decided  upon  tunnel  work  as  his  specialty  and  in 
1896  entered  the  employ  of  the  W.  J.  Gawne  Company  of  Cleveland, 
contractors  for  the  water  works  tunnel  then  in  process  of  construction 
in  that  city,  as  master  mechanic,  and  also  assisted  in  the  work 
of  the  second  tunnel  built  shortly  after  the  completion  of  the  first. 
In  1900  he  superintended  the  construction  of  the  waterworks  tunnel  in 
Cincinnati,  built  by  the  same  company,  and  had  complete  charge  of 
the  mechanical  work.  In  1905  he  was  employed  by  the  Degnon 
Contracting  Company  of  New  York  as  mechanical  superintendent 
on  the  Belmont  tunnel  under  the  East  River,  and  in  1907  by  the 
United  Engineering  and  Contracting  Company  on  the  construction 
of  the  Pennsylvania  tunnel.  New  York  City.  At  the  time  of  his 
death  on  August  29  he  was  serving  the  T.  A.  Gillespie  Company  of 
High  Falls,  N.  Y.,  in  the  same  capacity,  being  engaged  on  the  Ron- 
dount  siphon  turmel  of  the  New  York  City  aqueduct.  During  the 
three  j^ears  of  his  work  for  this  company  he  designed  and  erected  the 
largest  compressed  air  plant  ever  built  under  one  roof  in  this  country. 
Although  Mr.  Canniif  invented  a  number  of  appliances  he  patented 
only  two,  the  Union  hose  and  pipe  coupling,  and  a  pneumatic  grout 
mixer  extensively  used  through  the  country,  on  the  subject  of  which 
he  was  a  recognized  authority. 

OLIN  AMES  STRANAHAN 

Olin  Ames  Stranahan  who  was  born  in  Litchfield,  Ohio,  on  July 
18,  1866,  died  in  New  York  City  on  September  6,  1911.  Mr.  Strana- 
han received  his  education  at  the  Case  School  of  Applied  Science  in 
Cleveland  and  at  Cornell  University,  from  which  he  was  graduated 
in  1890.  Upon  graduation  he  entered  the  employ  of  Westinghouse, 
Church,  Kerr  &  Company  at  Chicago,  working  up  through  their 
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various  departments  to  the  position  of  chief  engineer  of  their  Chicago 
office.  When  the  British  Wcstinghouse  Electric  and  Manufacturing 
Company,  Ltd.,  was  formed  i;Q  1900,  Mr.  Stranahan  was  placed  in 
charge  of  their  engine  business,  resigning  in  1905  to  accept  the  posi- 
tion of  manager  of  the  power  department  of  the  Allis-Chalmers  Com- 
panj^,  Milwaukee,  Wis.,  shortly  afterward  becoming  general  sales 
manager.  In  1907  he  joined  the  Westinghouse  Machine  Company 
with  headquarters  in  New  York,  having  charge  of  gas  engine  sales 
and  special  power  installation,  and  two  years  later  took  over  the 
charge  of  the  export  machinery  department  of  the  John  Deere  Export 
Company  of  New  York.  At  the  time  of  his  death  he  was  general 
manager  of  the  General  Reduction,  Gas  and  By-Products  Company 
of  the  same  city. 

Mr.  Stranahan  specialized  during  most  of  his  professional  life  in 
gas  engines  and  was  the  owner  of  several  valuable  patents  applying 
to  gas  engines  and  producers,  and  had  a  wide  acquaintance  in  his 
own  country  and  abroad.  He  was  a  member  of  the  Western  Society 
of  Engineers,  the  Engineers  Club  of  New  York,  and  the  Engineers 
Technical  and  Chicago  Athletic  Clubs  of  Chicago. 

JAMES  CHRISTIE 

James  Christie  was  born  near  Ottawa,  Canada,  on  August  28, 
1840,  and  was  of  Scotch  parentage.  At  the  age  of  sixteen  after  a 
common  school  education,  he  came  to  the  United  States  and  under 
the  guardianship  of  his  uncle,  one  of  the  pioneer  railroad  constructors 
in  this  country,  was  employed  \\ath  a  railroad  construction  corps. 
In  1856  he  served  as  an  apprentice  in  the  machine  shop  of  locomotive 
works  in  Detroit,  Michigan,  and  spent  one  year  in  Missouri  as  an 
assistant  to  engineers  and  contractors  on  the  Pacific  Railroad  of 
Missouri.  From  there  he  went  to  Philadelphia,  apprenticing  him- 
self to  the  I.  P.  Morris  Company,  proprietors  of  the  Port  Rich- 
mond Iron  Works,  where  he  learned  the  trade  of  a  machinist.  In 
1865  he  removed  to  Pittsburg  as  superintendent  and  engineer  of 
the  Fulton  Foundry,  and  later  engaged  in  the  designing  and  con- 
struction of  iron  works.  In  Phillipsburg,  N.  J.,  his  next  location,  he 
devoted  himself,  as  superintendent  of  the  Philliijsburg  Manufacturing 
Company,  to  the  construction  of  iron  bridges.  In  1876  he  became 
construction  engineer  with  the  Pencoyd  Iron  Works  of  A.  and  P. 
Roberts  &  Company,  where  he  continued  until  after  the  works  had 
been  absorbed  by  the  American  Bridge  Company.     Here  he  did  liis 
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most  important  engineering-  work.  As  general  mechanical  assistant 
and  to  a  great  extent  his  own  draftsman,  he  began  at  once  to  improve 
the  methods  of  work,  introducing  machinery  and  organizing  the  men 
emi^loyed,  as  a  result  making  the  works  one  of  the  largest  and  most 
efficient  in  the  Eastern  part  of  the  country.  Upon  his  retirement 
from  the  company  he  established  a  consulting  practice  of  his  own. 

In  1884  Mr.  Christie  published  Experiments  on  the  Strength  of 
Wrought  Iron  Struts,  based  on  his  tests  at  Pencoyd,  which  won  for 
him  the  Norman  medal  given  by  the  American  Society  of  Civil 
Engineers,  and  made  at  other  times  numerous  contributions  to  gen- 
eral and  scientific  literature.  During  the  Civil  War  he  served  in  the 
Antietam  campaign  and  in  1863  entered  the  engineer  corps.  He  was 
through-  out  his  life  interested  in  public  affairs  and  held  several  politi- 
cal offices,  serving  as  Mayor  of  Phillipsburg  in  1870. 

He  joined  the  Society  in  1885  and  was  one  of  its  Vice-Presidents 
from  1902  to  1904.  At  the  time  of  his  death  on  August  24,  1911, 
he  Avas  ser\ang  his  second  term  as  President  of  the  Engineers  Club  of 
Philadelphia,  and  was  also  a  member  of  the  Franklin  Institute, 
the  American  Philosophical  Society,  the  American  Society  of  Civil 
Engineers,  and  Fellow  of  the  American  Association  for  the  Advance- 
ment of  Science. 

CHAS.  ARTHUR  HAGUE 

Chas.  Arthur  Hague  was  born  at  Newton,  Mass.,  October  9,  1849, 
and  died  June  26,  1911.  He  began  his  professional  career  in  1872 
as  a  draftsman  and  designer  with  the  Clapp  and  Jones  Manufacturing 
Company,  Hudson,  N.  Y.,  remaining  in  their  employ  until  1875  when 
he  became  mechanical  engineer  and  draftsman  on  steam  engines, 
boilers,  etc.,  for  the  Frank  Douglas  Machinery  Company,  of  Chicago. 
In  the  following  year  he  resigned  to  enter  the  employ  of  the  Furst 
&  Bradley  Manufacturing  Company  as  a  master  mechanic.  While 
there  he  patented  important  improvements  in  the  plows  and  other 
implements  manufactured  by  them  and  designed  and  constructed 
numerous  special  machines  adapted  to  their  line.  In  1884  he  became 
superintendent  of  the  E.  P.  Allis  Company  of  Milwaukee  and  three 
years  later  became  connected  with  the  Knowles  Steam  Pump  Com- 
pany of  New  York.  The  following  year  he  entered  the  employ  of 
H.  R.  W^orthington,  New  York,  as  mechanical  engineer,  remaining 
there  until  1895  when  he  established  a  consulting  practice  of  his  own. 
Mr.  Hague  was  the  author  of  a  book  on  Pumping  Engines  for  Water 
Works. 
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LEMUEL  R.  HOPTON 

Lemuel  R.  Hopton  was  born  at  West  Stratford,  Conn.,  on  June  20, 
1873,  and  received  his  early  education  in  the  pubhc  and  high  schools 
of  New  Haven  and  his  technical  training  in  the  Sheffield  Scientific 
School  of  Yale  University,  from  which  he  was  graduated  with  honors 
in  1896.  Until  1900  he  remained  at  Yale,  teaching  machine  design  in 
the  department  of  Mechanical  Engineering  at  Sheffield  Scientific 
School,  when  he  left  there  to  enter  the  employ  of  Carl  H.  Schultz, 
Inc.,  New  York,  as  factory  superintendent.  In  1902  he  resigned  to 
take  a  similar  position  with  the  Enos  Company  of  the  same  city, 
remaining  with  them  until  a  short  time  before  his  death  on  Sep- 
tember 5,  1911. 

Mr.  Hopton  was  the  inventor  of  several  electrical  appliances  used 
by  the  Enos  Company,  and  also  of  the  Opalux  glass,  used  for  high 
candle  power  lighting  and  manufactured  by  the  Opalux  Company, 
of  which  he  was  an  officer  and  director.  He  was  the  author  of  many 
articles  published  in  the  electrical  magazines  and  a  member  of  the 
Illuminating  Engineering  Society,  before  which  a  number  of  his  papers 
were  presented, 

JAMES  McLaughlin 

James  McLaughlin  who  died  on  August  18  at  Clifton  Springs,  N. 
Y.,  was  born  on  May  8,  1867  at  Castlefin,  County  Donegal,  Ireland, 
coming  to  the  United  States  with  his  parents  at  the  age  of  fifteen. 
Here  he  entered  the  Philadelphia  High  School  and  later  the  Uni- 
versity of  Pennsylvania,  where  he  received  his  training  as  a  civil 
engineer.  In  1885  he  entered  the  employ  of  the  Philadelphia  & 
Reading  Railway,  as  secretary  to  the  general  counsel,  and  two  years 
later  became  bookkeeper  and  correspondent  for  the  Philadelphia 
Engineering  Works.  Shortly  afterward  he  decided  to  take  up  the 
]iractical  and  technical  side  of  mechanical  engineering  and  entered  the 
shop  of  the  company,  also  taking  a  course  of  lectures  on  mechanics 
at  the  University  of  Pennsylvania,  In  1889  he  became  general  man- 
ager of  the  Barr  Pumping  Engine  Company  of  Philadelphia,  and  de- 
signed and  installed  many  large  high-duty  pumping  engines,  princi- 
pally in  New  England  but  also  in  Kansas  City,  Harrisburg,  Trenton, 
Denver  and  other  cities. 

In  1903  he  resigned  to  establish  the  firm  of  McLaughlin  Brothers, 
Incorporated,  for  the  design,  construction  and  equipment  of  buildings, 
including  reinforced  concrete,  steel  and  New  England  mill  construc- 
tion, ])ower  i)lants  and  electrical  equipment,  and  plumbing  and  si)rink- 
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ling  systems.  In  the  followng  year  the  main  offices  were  removed 
from  Philadelphia  to  Baltimore  and  many  of  the  large  buildings  of 
Baltimore  were  erected  under  Mr.  McLaughlin's  supervision.  He  was 
at  the  time  of  his  death  president  and  general  manager  as  well  as 
senior  member  of  the  firm. 

MRS.    ROBERT   HENRY   THURSTON 

Announcement  is  made  of  the  death  of  Mrs.  Thurston,  widow  of 
Robert  Henry  Thurston,  first  President  of  the  Society,  at  her  home  in 
Brookl>ai,  N.  Y.,  on  September  7,  1911. 


FACTORY  CONSTRUCTION  AND  ARRANGEMENT 

By  L.  p.  Alford  and  H.  C.  Farrell 

ABSTRACT  OF  PAPER 

The  arrangement  and  construction  of  the  reinforced  concrete  factory  build- 
ings of  the  United  Shoe  Machinery  Company  at  Beverly,  Mass.,  are  presented, 
with  reference  to  their  adaptability  to  the  manufacture  of  light  machinery. 
The  advantages  and  disadvantages  of  concrete  floors  are  discussed,  and  the 
experience  of  this  plant  given  to  show  that  such  floors  are  satisfactory  in  the 
machine  shop.  The  original  manufacturing  scheme,  the  one-shop  plan,  is 
described,  together  with  the  modifications  that  it  has  undergone  since  its 
inception.  The  original  artificial  lighting  installation  is  shown  with  changes 
now  being  made  to  use  the  more  recently  developed  higher  efficiency  lighting 
units.  As  the  plant  has  had  rapid  growth,  modifications  based  on  experience 
have  been  made  as  new  construction  was  undertaken,  and  these  changes  are 
traced  in  detail.  Finally,  the  plant  contains  one  of  the  first  extensive  develop- 
ments in  the  use  of  steel  storage  racks.  The  design  of  these  is  given,  together 
with  an  account  of  the  conditions  under  which  they  were  developed  and  the 
uniformly  successful  results  in  their  use  are  shown. 
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ARRANGEMENT 

By  L.  p.  Alford,  New  York 

and 

H.  C.  Farrell,  Beverly,  Mass. 

Members  of  the  Society 

The  plant  of  the  United  Shoe  Machmery  Company  at  Beverly, 
Mass.,  for  the  manufacture  of  boot  and  shoe  machmery  is  the  first  fac- 
tory constructed  entirely  of  reinforced  concrete,  and  stands  today  as 
the  most  extensive  example  of  the  use  of  this  form  of  construction  for 
machine-shop  purposes  in  the  country.  The  present  floor  area  aggre- 
gates 600,000  sq.  ft.  and  when  the  addition  now  being  erected  is 
completed,  the  total  floor  space  will  be  744,000  sq.  ft.,  or  more  than 
17  acres. 

2  The  site  comprised  some  250  acres  fronting  about  one-half  mile 
on  the  eastern  division  of  the  Boston  &  Maine  Railroad  and  bisected 
by  a  tide-water  stream  known  as  the  Bass  River.  The  area  lying  be- 
tween this  river  and  the  railroad  track,  averaging  something  like  1000 
ft.  in  width,  was  selected  for  the  buildings.  The  stream  was  dammed 
at  two  points,  forming  storage  basins  for  fresh  water  to  be  used  for 
condensing  and  manufacturing  purposes.  In  addition,  there  was  a 
third  basin  below  high-tide  level  and  provided  with  tide  gates. 

3  Development  work  now  m  progress  will  form  another  fresh- 
water basin  further  upstream,  and  the  lowest  freshwater  basin  will 
then  be  filled  with  tide  water  and  used  for  condensing  purposes. 

THE   MANUFACTURING   SCHEME 

4  The  machine-shop  manufacturing  departments  were  arranged 
according  to  the  "one-shop  plan."  The  only  other  plan  that  was 
seriously  considered  as  a  possible  alternative  was  the  "output-depart- 
ment plan."  An  analysis  of  the  floor  areas  for  the  various  depart- 
ments showed  that  one-half  of    the  machine-shop  manufacturing 
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area  should  be  devoted  to  the  reguhir  machine-shop  tlepartments ; 
the  other  half  to  be  used  for  special,  or  associative  departments.  This 
led  to  the  adoi)tion  of  a  four-storied  building  type  as  the  most  advan- 
tageous. The  two  middle  floors  were  to  be  the  manufacturing  area; 
the  lower  floor  for  storage  and  certain  de])artments  requiring  the 
least  advantageous  conditions;  the  upper  story  for  experimental  work, 
tool  making  and  a  few  associative  departments. 

5  In  addition,  the  foundry,  hardening  room,  drop-forge  shop  and 
power  house  required  separate  buildings  particularly  designed  for  their 
needs.  This  led  to  a  plan  embodying  four  rows  of  parallel  buildings 
of  which  the  two  in  front  were  devoted  to  machine-shop  uses,  the 
third  to  storage  and  the  hardening  room  and  forge  shop,  and  the  fourth 
to  the  foundry  and  power  house,  these  last  being  detached  buildings. 
All  of  the  other  buildings  were  connected  by  means  of  tunnels  and 
covered  passageways  above  ground  connecting  all  floor  levels.  A 
spur  track  passed  between  the  third  and  fourth  rows  of  buildings, 
serving  the  third  row,  and  a  second  spur  passed  behind  the  fourth 
row  of  buildings,  thus  serving  the  foundry  and  power  house. 

6  Fig.  1  shows  the  plant  after  the  additions  of  1906  were  com- 
pleted. The  main  buildings,  originally  520  ft.  long,  as  shown  here  are 
820  ft.  Fig.  2  shows  an  outline  plan  of  the  buildings  as  they  will 
be  after  the  present  additions  are  completed. 

7  The  additions  now  in  progress  will  extend  each  of  the  two  main 
buildings,  A  and  B,  300  ft.,  or  to  a  total  length  of  1120  ft.;  will  add  a 
fourth  toilet-room  wing  between  them  indicatedby  A BXX,  and  a  de- 
tached drop-forge  shop  near  the  tide-water  front  of  the  property  300 
ft.  long,  80  ft.  wide  and  connected  with  an  independent  power  house. 

8  All  of  the  buildings  are  connected  by  pipe  and  cable  tunnels  (Fig. 
2)  which  enter  underground  chambers  containing  the  fans  and  heater 
coils  for  the  indirect-heating  systems.  Fig.  3  is  a  typical  cross-section 
of  the  tunnel  entering  building  ABX.  The  walls  are  used  for  piping, 
and  beneath  the  floor  are  vitrified  conduits  for  the  electric  cables. 
The  floor  of  this  tunnel  pitches  upward  from  the  power  house,  and  a 
gutter  at  one  side  receives  any  moisture  that  may  enter  and  conveys 
it  to  a  sump  in  the  power-house  basement,  from  whence  it  is  pumped 
to  waste. 

9  The  method  of  supporting  the  pipes  in  this  tunnel  was  to  bolt  6 
in.  by  8  in.  hard  pine  posts  to  the  inner  walls.  To  the  outer  faces  of 
these  posts  the  pipe  hangers  are  fastened  by  lag  screws.  These  posits 
are  spaced  10  ft.  on  centers. 

10  The  luodifications  of  tliis  tunnel  over  tliose  originally  plauucd 
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consisted  in  increasing  both  the  width  and  height  in  order  to  give  more 
room  to  facilitate  changes  and  repairs  and  in  the  use  of  hard  pine 
posts  instead  of  cast-iron  slotted  supports  for  the  pipe  brackets.  The 
width  of  the  original  tumiel  was  5  ft.  in  the  clear,  the  new  one  7  ft., 
and  an  average  height  of  7  ft. 

11  At  points  j  ust  within  the  walls  of  buildings  A  and  B  (Fig.  2)  will 
be  noticed  short  connections  from  the  tunnels  which  serve  as  a  point 
from  which  pipe  risers  are  conducted  vertically  upward  through  the 
buildings. 

CONSTRUCTION    OF   THE    MAIN    BUILDINGS 

12  The  main  buildings  A  and  B,  as  well  as  the  storage  buildings  C 
and  G,  are  divided  by  two  rows  of  interior  columns  into  20-ft.  bays. 


/: 
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Fig.  3    Typical  Cross-Section  of  Pipe  and  Cable  Tunnel 


The  width  of  each  of  these  buildings  is  therefore  60  ft.  The  original 
main  buildings  were  constructed  as  monoliths,  except  that  a  shrinkage 
joint  was  introduced  midway  of  the  length,  thus  in  effect  giving  two 
abutting  buildings  unconnected,  except  at  the  foundations.  The 
toilet-room  wings  are  similar  monoliths,  being  separated  from  the 
main  buildings  by  similar  shrinkage  joints. 

13     Fig.  4  shows  a  typical  cross-section  of  a  main  building.   The  ex- 
terior columns  on  one  side  are  rectangular  in  section,  spaced  20  ft.  on 


1140 


FACTORY    CONSTRUCTION   AND   ARRANGEMENT 


Thtsa  i>ars  /b  be  placed  across 
^inJers  and  cenfrol  on  i.  orgirc/m 
"*"■■*         'i^'xIl'o'LongBars.fs'o.C. 

ROOF 


Typical  I'aktial  Cross-Section  of  a  Main  Building 


L.  P.  ALFORD  AND  H.  C.  FARRELL  1147 

centers  and  above  the  ground  floor  running  from  floor  to  ceiling  with 
no  intervening  curtain  wall.  Midway  between  these  colunnis  is 
a  small  concrete  muUion.  On  the  other  side  the  pilasters  are  very- 
much  larger  as  they  contain  the  heating  ducts  of  the  indirect  system. 
These  pilasters  in  the  original  building  were  lined  with  hollow  brick 
as  a  non-conductor  of  heat. 

14  The  interior  columns  arc  octagonal  in  section,  and  decrease  in 
diameter  from  the  lower  floor  upward.  The  floors  have  rectangular 
concrete  girders  carried  by  the  columns  and  connected  by  shallow 
rectangular  floor  beams,  stiffened  by  a  bridging  stringer  midway  of 
each  20-ft.  span.  The  floors  themselves  are  entirely  of  concrete, 
composed  of  an  under  floor  of  the  same  mixture  as  the  beams  and 
girders,  covered  with  a  granolithic  wearing  surface  f  in.  thick,  which 
was  applied  when  the  under  floor  was  green  for  the  purpose  of  making 
a  perfect  bond  of  the  two  layers.  The  ground  floor  and  the  first  floor 
were  curtain-walled  to  a  height  of  30  in.,  with  the  exception  of  the 
eastern  ground  floor  wall  of  building  A,  which  was  curtain- walled  to 
a  height  of  6  ft.  in  order  better  to  accommodate  the  baikling  to  the 
natural  grade. 

15  It  may  be  well  to  point  out  at  this  place  that  when  these  build- 
ings were  developed,  the  use  of  reinforced  concrete  as  a  material  of 
construction  was  very  new  and  much  of  the  work  that  was  done  had 
no  foundation  in  precedent.  The  authors  can  recall  with  some 
amusement  discussions  over  points  considered  of  major  importance, 
for  which  an  easy  solution  was  later  found.  One  of  these  was  the 
floors.  A  lengthy  discussion  took  place  as  to  whether  or  not  a  con- 
crete floor  was  suitable  for  machine-shop  purposes.  It  was  finally 
determined  that  concrete  floors  should  be  used  with  the  single 
exception  of  the  stair  treads,  which  were  to  be  of  wood.  These  con- 
crete floors  have  been  found  to  be  so  satisfactory  that  they  were  con- 
tinued in  the  additions  of  1906-1907  and  will  be  used  in  the  additions 
now  in  progress. 

16  One  of  the  arguments  against  a  concrete  floor  upon  which  per- 
sons must  work  is  its  hardness,  but  our  experience  shows  this  to  be 
unfounded.  The  real  objection  to  a  concrete  floor  lies  in  its  coldness. 
Concrete  is  a  much  better  conductor  of  heat  than  wood  and  for  that 
reason,  a  cold  concrete  floor  will  rapidly  withdraw  bodily  heat  from 
the  feet  of  anyone  standing  upon  it.  Therefore,  the  only  floors  which 
need  special  attention  are  those  which  are  in  contact  with  the  ground. 
The  lower  floors  of  these  buildings  are  of  concrete  some  12  in.  thick 
and  between  the  under  floor  and  the  upper  floor  are  three  thicknesses 
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of  waterproofing  felt  mopped  in  with  asphalt.  When  the  employes 
were  transferred  from  the  old  factories  with  wooden  floors  to  the 
new,  some  complaints  were  heard  for  the  first  few  weeks,  or  until 
the  men  had  become  accustomed  to  the  change.  Thereafter,  there 
has  been  no  difficulty  except  on  the  part  of  a  new  man,  who  has  to 
go  through  his  own  period  of  becoming  wonted  to  the  new  conditions. 

17  Further  objections  raised  to  the  use  of  these  floors  were  those 
of  wear  due  to  the  grinding  action  of  the  wheels  of  trucks,  the  chipping 
action  of  the  ends  of  pinch  bars  used  for  moving  heavy  machines, 
the  scouring  action  of  metal  boxes  dragged  over  it,  and,  by  far  the 
most  important,  the  difficulty  of  making  floor  repairs. 

18  On  the  first  floor  of  building  B,  however,  a  floor  devoted  to  the 
heaviest  work  done  in  the  plant,  requiring  the  largest  machine  tools 
and  receiving  the  largest  and  heaviest  castings,  the  floor  of  the  center 
bay  has  been  refinished  by  adding  1|  in.  of  a  one-to-two  granolithic 
mixture.  This,  of  course,  covers  the  area  that  has  received  the 
greatest  amount  of  wear,  as  in  all  of  the  buildings  a  central  passageway 
8  ft.  wide  was  left  between  machine  tools  and  other  permanent  fixtures. 

19  The  greatest  difficulty  in  maintaining  these  floors  has  been 
found  to  lie  in  the  making  of  minor  repairs,  namely,  those  necessitated 
by  the  crumbling  away  of  the  edges  of  the  grooves  with  which 
the  original  floors  were  marked  out,  or  the  edges  of  cracks  and 
repairs  to  small  depressions  caused  by  the  wearing  away  of  soft 
spots  in  the  surface.  Repairs  made  with  any  cement  mixture  have 
been  uniformly  unsuccessful,  provided  the  area  repaired  was  com- 
paratively small.  At  present,  such  repairs  are  being  made  by  using  an 
asphalt  mixture  which  is  applied  to  the  surface  in  a  plastic  condition 
and  then  bonded  to  the  concrete  by  the  application  of  heat  from  gaso- 
lene blow  torches.  This  method  is  much  more  successful  than  the 
use  of  a  cement  mixture,  although  it  does  not  entirely  prevent  the 
crumbling  of  the  edge  of  the  concrete  where  the  concrete  and  asphalt 
join. 

20  It  was  also  feared  that  the  oil  required  in  an  automatic  screw 
machine  department  would  penetrate  the  concrete  and  tend  to  disin- 
tegrate it,  but  it  has  been  proved  that  this  fear  was  unfounded.  Re- 
peated investigations  throughout  the  past  six  years  have  failed  to  show 
that  there  is  penetration  through  the  glaze  of  the  finish  even  in  de- 
partments where  the  floor  is  constantly  wet  with  oil.  Where  cracks 
are  present  the  oil  will  find  an  entrance,  its  penetration  beyond  the 
limits  of  the  crack  is  very  little,  and  is  not  the  cause  of  any  appre- 
hension whatever. 
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21  With  regard  to  the  i)ossiblc  injury  from  dust  due  to  wear  on 
the  floors,  there  is  no  reason  to  believe  that  there  lias  been  any 
greater  wear  on  the  moving  and  sliding  members  of  the  machine  tools 
than  would  have  been  the  case  in  any  other  type  of  building. 

22  The  roofs  of  these  buildings  are  similar  in  construction  to  the 
floors,  except  that  the  beams  and  slabs  are  much  lighter.  They  are 
pitched  from  the  center  to  the  sides,  the  pitch  being  about  1  ft.  in  the 
distance  of  30  ft.     The  coating  is  of  tar  composition. 

23  A  noticeable  feature  of  the  buildings  is  the  large  window  area 
(Fig.  1),  which  is  about  70  per  cent  of  the  total  wall  area.  The  win- 
doAv  frames  and  sashes  are  of  cypress  and  the  sashes  are  double-hung, 
glazed  A\dth  double-thick  glass. 

THE  ADDITIONS  OF  1906-1907 

24  While  the  addition  to  the  main  buildings  in  1906-1907  presented 
no  difference  in  appearance  externally  from  the  original  construction, 
yet  there  are  several  changes  of  details.  The  floor  loads  are  increased 
from  250  to  300  lb.  per  sq.  ft.  For  this  reason  the  columns,  still 
octagonal  in  section,  are  16  in.  on  the  second  floor  instead  of  14  in. 
across  the  flats,  14  in.  on  the  third  floor  instead  of  8  in.  On  the  gromid 
floor  they  remain  24  in.  and  on  the  first  floor  18  in.  This  increase  in 
the  size  of  the  columns  necessitated  an  increase  in  the  width  of  the 
girders  and  a  corresponding  decrease  in  their  depth.  The  floor  beams, 
while  of  the  same  depth,  have  an  increase  of  1  tn.  in  ^vidth,  namely, 
from  3  in.  to  4  in.,  and  the  bridging  stringer  is  correspondingly 
increased  in  width.  Furthermore,  the  spacing  of  these  beams  is 
kept  uniform  to  standardize  the  floor  forms. 

25  Carrying  this  standardization  a  step  further,  the  same  forms  are 
used  for  the  roof  which,  in  this  case,  give  a  flat  roof  having  the  same 
sizes  of  girders  and  beams  as  those  supporting  the  third  floor.  The 
floors  were  left  perfectly  smooth,  without  any  marking  whatever. 

26  A  slight  change  is  made  in  the  hot-air  ducts  in  the  pilasters,  in 
that  they  are  constructed  entirely  of  concrete  and  without  the  non-con- 
ducting lining  of  hollow  brick.  The  curtain  walls  are  cored  instead 
of  cast  solid  as  in  the  original  plant. 

27  In  an  attempt  to  obviate  the  difficulty  of  operating  the  large 
u-indows  due  to  warping,  the  frames  and  sash  of  the  addition  are  made 
of  clear  white  pine,  instead  of  cypress.  This  change  has  been  fully 
justified. 

28  The  method  of  pouring  the  concrete  in  this  addition  was  the 
same  as  that  used  in  the  original  plant ;  that  is,  each  floor  level  was 
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liuiullcd  jis  ;i  niouolithic  unit.  The  aggregate  used  in  the  mixtures  of 
the  original  phmt  was  natural  gravel;  in  the  addition,  it  was  crushed 
native  granite,  taken  from  a  ledge  on  the  premises. 

29  The  method  of  finishing  the  exterior  of  the  building,  by  ham- 
mering the  exposed  faces  of  the  colunnis  and  walls,  was  identical  in 
both  sections.  The  difference  in  the  color  from  the  change  in  the 
aggregate  is  umioticeable  except  by  careful  scrutin}'. 

THE  ADDITION  OF  1911 

30  The  present  addition  does  not  differ,  either  in  external  or  inter- 
nal appearance  from  the  addition  of  1906-1907,  but  the  method  of  erec- 
tion has  been  radically  modified.  The  other  parts  of  the  plant  were 
poured  floor  by  floor  as  monoliths.  In  the  present  construction,  all 
of  the  columns,  both  exterior  and  interior,  and  all  of  the  girders  and 
beams  were  cast  for  each  floor  level  in  forms  on  the  ground.  These 
members  were  then  lifted  into  position  by  means  of  a  derrick,  suitable 
provision  being  made  for  framing  them  together.  The  floor  slab  was 
then  i)ut  in,  a  bay  at  a  time  poured  upon  forms  supported  by  the  beams 
and  without  using  supporting  horses  or  shores.  Another  change 
consisted  in  using  steel  window  frames  and  sash  instead  of  wood. 

31  Device  for  Fastening  Ceiling  Fixtures.  We  have  referred  to  the 
lack  of  precedent  that  existed  in  1902-1903  in  adapting  concrete  build- 
ings to  machine-shop  uses.  This  lack  is  still  further  exemplified  in  con- 
nection with  devices  for  supporting  fixtures  to  concrete  ceilings. 
We  failed  to  find  any  such  contrivance  suited  to  our  requirements, 
which  may  be  briefly  stated  as  follows : 

a  The  device  must  permit  of  attaching  fixtures  at  any  point 
desired  over  the  manufacturing  areas,  or,  as  it  was  aptly 
put,  it  must  be  as  adaptable  as  the  ceiling  of  a  mill  con- 
structed building  with  wooden  girders  and  floor. 

b  The  device  must  be  inexpensive  in  first  cost  and  inexpen- 
sive to  install. 

c  That  part  of  the  device  that  becomes  a  permanent  part  of 
the  building,  namely,  the  part  which  is  built  into  place 
when  the  concrete  is  poured,  must  be  very  simple,  inex- 
pensive and  not  offer  any  serious  disfigurement  to  the 
ceilings. 

d  The  materials  composing  this  device  must  be  such  as  can  be 
purchased  in  the  open  market,  and  should  be  fire  resisting. 
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e  The  device  inii.st  ])c  sucih  thnt  the  <2;re;it('r  ]);irt  need  be  put 

into  place  only  when  it  is  required  for  manufacturing  i)ur- 

poses,  thus  keeping  the  investment  as  little  as  possibk;  in 

areas  set  aside  for  growth. 

32     As  originally  planned,  it  was  deemed  necessary  to  provide  a 

device  to  support  only  the  heavier  fixtures,  namely,  the  main-line 

shaft  hangers,  countershaft  stringers,  and  the  accompanying  fixtures. 

No  device  was  plamied  to  support  the  lighter  fixtures,  such  as  electric 
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Figs.  5  to  9    Details  of  Supports  for  Light  Fixtures 


light  Avire  molding,  electric  light  fixtures  and  small  piping.  How- 
ever, a  scheme  for  this  latter  purpose  was  worked  out  for  the  addition 
of  1906-1907  and  will  be  described  later. 

33  The  contrivance  finally  adopted  consisted  of  a  steel  slot  running 
crosswdse  of  the  building  and  fastened  to  the  lower  faces  of  the  girders 
and  bridging  beams  over  all  the  manufacturing  areas.  By  slipping 
a  tee-headed  bolt  into  this  slot  the  ceiling  fixtures  are  easily  attached. 
Figs.  5  to  11,  inclusive,  show^  this  device  both  in  diagram  and  from  pho- 
tographs as  actually  installed.     The  slot  consists  of  two  small  steel 
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angles  placed  back  to  back,  with  the  opposing  legs  vertical,  clamped 
by  cast-iron  hangers  against  the  concrete  beams.  The  clami)ing 
bolts  are  anchor  bolts  set  in  the  beam  antl  girder  forms  before  the 
concrete  was  poured.  These  bolts  in  the  girders  in  the  final  construc- 
tion are  1  in.  in  diameter,  pass  through  the  hanger  and  the  space 
between  the  angles  and  receive  the  clamp  and  nut  on  the  lower  face 
(Fig.  7).  In  the  bridging  beams  the  bolts  are  f  in.  in  diameter,  set 
in  pairs,  each  of  which  holds  a  cast-iron  hanger  of  greater  depth  than 
those  used  on  the  girders,  the  angles  in  turn  being  bolted  to  the 
hangers  by  a  1-in.  bolt  and  the  same  clamp  as  used  under  the  girders 
(Fig.  6).     The  materials  of  which  this  device  is  composed  are  fire- 
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proof  and,  therefore,  logically  carry  out  the  scheme  of  the  fire-resist- 
ing concrete  construction. 

34  The  spacing  of  the  girder  slot  angles  in  the  original  building  is 
approximately  3  ft.  on  centers  and  the  angles  are  2|  in.  by  2^  in.  by 
I  in.  The  bolts  for  the  corresponding  angles  on  the  bridging  beams 
are  spaced  about  6  ft.  on  centers  and  the  angles  are  2^  in.  by  3  in.  by 
TS  in. 

35  In  the  addition  of  1906-1907  the  spacing  for  the  anchor  bolts 
is  made  uniformly  6  ft.  on  centers  and  the  angles  are  of  the  same 
size  as  in  the  original  building  2^  in.  by  3  in.  by  j^  in. 

36  In  an  experimental  investigation  of  the  strength  of  this  slot,  be- 
fore any  of  it  was  used,  it  was  found  that  the  deflection  under  load  lay 
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;i]i])roxiniatel3'-  midway  between  the  estimated  deflections,  consider- 
ing the  angles,  first,  as  beams  supported  at  the  ends,  and  second,  as 
fixed  at  the  ends.  In  each  case  the  lower  face  of  the  slot  was  6 
in.  wide,  thus  furnishing  a  firm  footing  for  shaft  hangers  and  the  ends 
of  counter  shaft  stringers.  The  tee-headed  bolts  used  had  shoulders 
1  in.  sq.  just  beneath  the  heads  to  prevent  their  turning  round  when 
the  nuts  w^ere  being  tightened. 

37  This  device  was  installed  over  some  516,000  sq.  ft.  of  floor 
area,  aggregating  50,000  rumiing  ft.  of  metallic  slot.  In  the  original 
]''l;)nt  it  has  now  been  in  use  for  over  six  years  and  its  use  and  principle 
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Fig.  U     Shafting  and  Motor  in  Place 


have  been  extended  to  some  parts  of  the  foundry  building  and  the 
basement  of  the  power  house,  where  it  serves  to  support  piping. 

38  Mention  has  been  made  of  the  lack  of  provision  in  the  original 
plant  for  supporting  the  light  fixtures.  In  the  first  addition,  however, 
such  provision  was  made.  The  device  consists  of  a  half  round  groove 
having  a  radius  of  f  in.,  ^\dth  its  lower  edge  1|  in.  above  the  lower 
face  of  the  concrete  beam.  This  groove  was  cast  in  both  vertical 
faces  of  the  floor  beams.  A  small  inexpensive  sheet  metal  clamp  is 
fitted  into  these  grooves  and  held  in  place  bj-  a  through-bolt  passing 
directly  beneath  the  lower  face  of  the  beam.     To  these  hangers  the 
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electric  light  wre  molding,  electric  light  fixtures,  small  pipe  and  other 
light  fixtures  and  devices  are  attached.  Figs.  10  and  12  show  this 
contrivance  and  its  application.  In  the  addition  now  in  progress,  the 
metallic  slot  device  as  used  in  the  first  addition  will  be  employed,  as 
well  as  this  later  device  for  supporting  the  light  fixtures. 

39  Fig.  13  shows  a  rack  or  wire  structure  for  carrying  the  second- 
ary feeders  fo/both'the  lighting  and  power  circuits.  It  comprises  two 
light  channel  beams  set  with  their  flanges  facing,  spaced  about  20 
in.  apart  and  bolted  to  the  slot  system  previously  described.  Wooden 
cleats  rest  on  the  lower  flanges  of  these  channels,  are  securely  bolted 
in  place  and  furnish  a  support  for  the  mains  on  their  upper  surface 
and,  if  necessary,  on  their  lower  surface  also.  The  space  occupied 
bv  this  structure  is  close  to  the  wall  on  the  side  of  the  building  having 
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Fig.  12    Electric  Wire  Support  and  Pipe  Hanger 


the  smaller  windows  because  of  the  additional  space  necessary  for  the 
pilasters  containing  heating  flues.  It  thus  occupies  no  room  required 
for  main-line  shaft  or  machine  countershafts.  It  is  also  used  for 
small  piping  for  water,  gas,  compressed  air  and  steam  required  for 
manufacturing  purposes  or  in  the  operation  of  tools.  These  pipes 
are  carried  on  hangers  from  the  slot  system  and  occupy  a  position 
beneath  and  at  a  safe  distance  from  the  electric  mains. 

40  Attaching  Machmesto  Concrete  Floors.  The  successful  fastening 
of  machines  of  all  kinds  to  concrete  floors  was  an  easy  problem  to 
solve.  No  provision  has  ever  been  made  b}^  inserting  in  the  floors 
anchor  bolts,  anchor  nuts  or  any  other  device,  at  the  time  they  were 
cast,  anticipating  any  of  the  machine  tools.  Two  methods  are  used. 
The  first  consists  in  the  drilling  of  a  small  hole  in  the  concrete  floor 
slab,  inserting  an  expansion  sleeve  of  some  kind,  and  fastening  the 
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niHchine  tool  in  })la(^e  by  lag  screws.  This  method  is  used  for  all 
machines  having  feet  that  present  only  a  small  amomit  of  area  in 
contact  with  the  floor,  such  as  an  ordinary  small  sized  engine  lathe. 
The  second  method  is  used  for  machine  tools  having  box  beds  or  a 
base  presenting  a  large  amount  of  area  in  contact  with  the  floor,  as 
the  box  bed  of  a  planer  or  the  base  of  a  Imee-type  milling  machine . 


Fig.  13     Structure  for  Carrying  Feeders  for  Light  and  Power 

Circuits 


The  method  in  this  case  consists  first  in  leveling  the  machine  on  steel 
wedges  at  a  height  of  about  |  in.  from  the  floor,  flowing  a  stiff  cement 
mortar  under  the  base  for  a  distance  of  4  or  5  in.,  the  mortar  being  enter- 
ed aromid  the  entire  outline  of  the  base  or  bed,  and  then  slacking  back 
the  wedges  until  the  machine  has  settled  firmly  into  the  bed  of  mortar 
and  at  the  same  time  is  level.  This  mortar  was  allowed  to  set  for 
24  hours;  the  wedges  then  removed  and  the  machine  was  ready  for 
use. 
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41  These  two  methods  have  been  successful,  but  one  point  requir- 
ing caution  should  perhaps  be  mentioned.  In  drilling  the  holes  into  the 
concrete  floor  care  should  be  used  as  the  point  of  the  drill  nears  the 
lower  side  of  the  floor  slab  to  avoid  the  spalling  off  of  sections  of  the 
concrete.  With  an  expansion  sleeve  of  1|  in.,  which  was  finally- 
adopted  as  a  standard  length  by  us,  and  with  careful  workmanship 
in  drilling  the  holes,  there  should  be  no  danger  of  chipping  the  under 
surface  of  the  concrete  floor  if  it  is  3  in.  thick  or  more.     In  case  a 


Fig.  14    Countershaft  and  Belt  Shifter  in  Place 

large  stone  is  encountered  by  the  drill,  it  is  very  difficult  to  guard 
against  this  spalling  action,  and  in  this  connection  more  difficulty 
has  been  experienced  in  the  original  plant  where  the  large  aggregate 
of  the  floor  mixture  is  natural  gravel,  than  in  the  following  additions, 
where  the  aggregate  is  crushed  granite. 

42  On  some  of  the  larger,  high-speed  metal  planers  it  has  been 
necessary  to  put  in  stop  dowels  at  each  end  to  prevent  the  feet  from 
sliding  on  the  concrete  floors.  This  refers  to  planers  not  supplied  by 
the  maker  with  lag  screw  holes  in  the  feet. 
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43  There  is  still  another  exception  to  these  two  methods,  applying 
to  a  limited  number  of  high-speed  machines,  particularly  those  sub- 
jected to  reciprocating  motions  and  vibrations.  It  has  been  found 
necessary  to  bolt  these  machines  through  the  floor  with  a  large  plate 
washer  on  the  under  side. 

44  Heating  of  Main  Buildings.  Fig.  2  shows  the  underground  fan 
chambers  in  each  one  of  the  main  toilet-room  wings.  These  chambers 
contain  the  heating  engines,  fans  and  coils  for  furnishing  heat  to  the 
main  machine-shop  buildings  and  storage  building  C.  In  the  original 
plant  7990  sq.  ft.  of  radiating  surface  is  provided  for  each  of  the 
machine-shop  buildings,  or  1  sq.  ft.  of  radiating  surface  for  each  218 
cu.  ft.  of  room  volume.  In  this  installation  the  ducts  from  the  fans 
were  carried  outside  of  the  buildings  and  connected  underground  to 
openings  in  the  pilasters  having  the  heating  flues,  by  means  of  a 
flexible  connection.  The  fan  chambers  under  wings  ABS  and  ABN 
contain,  in  addition  to  the  fans  for  heating  the  main  machine  shops, 
fans  for  heating  the  toilet-room  wings  themselves.  In  the  older 
jnirt  of  the  plant  it  was  difficult  to  maintain  a  suitable  temperature 
at  the  north  ends  of  the  machine-shop  buildings  in  severe  winter 
weather.  For  this  reason,  the  heating  factor  in  the  1906-1907  addi- 
tion was  made  1  sq.  ft.  of  radiating  surface  for  every  130  cu.  ft.  of 
room  volume.  A  certain  amount  of  this  increase  was  intended  to 
provide  for  the  lack  of  heating  capacity  in  the  older  part  of  the  plant. 

45  Another  change  consisted  in  bringing  the  hot-air  ducts  within 
the  building  line,  placing  them  close  against  the  outer  wall  and  mak- 
ing this  roof  a  part  of  the  ground  floor  slab.  This  has  the  beneficial 
effect  of  tending  to  increase  the  temperature  of  the  ground  floor  itself. 

46  The  heating  plants  for  the  toilet-room  wing  ABX  were  omitted 
and  direct  radiation  by  wall  coils  substituted.  Experience  has  dem- 
onstrated that  all  of  these  modifications  were  wise,  and  in  the  addi- 
tion now  under  way,  the  heating  arrangements  of  the  addition  of 
1906-1907  will  be  dupHcated. 

47  Because  of  the  large  window  area,  no  provision  was  made  for 
mechanical  ventilation  in  the  main  buildings,  except  that  in  extremely 
hot  weather  the  heating  fans  are  run  to  supply  fresh,  outside  air 
through  the  heating  system. 

48  Lighting  Systems.  The  current  generated  at  the  power  house  is 
575  volts,  3-phase,  60-cycle,  distributed  without  transformation  by 
the  power  circuits  to  550-volt  induction  motors  and  transformed  at  a 
number  of  distributing  centers  to  110  volts  for  the  lighting  systems. 

49  Three  lighting  systems  are  used,  designated  day,  public  and 
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luucliine-tool  circuits.     The  ])niiuiries  of  ;ill  are  iii(lei)endently  con- 
trolled by  switches  in  the  power  house. 

50  The  day  circuits  furnish  light  for  the  offices,  drawing  rooms, 
storage  areas  and  wherever  may  be  necessary  in  the  day  time,  and 
each  room  is  provided  Avith  its  OAvn  switch  control  so  that  it  may 
be  had  at  any  time. 

51  The  public  circuits  furnish  light  for  the  toilet,  wash  and  locker 
rooms  in  the  toilet-room  wings,  for  all  entrances  and  exits  to  the  plant, 
for  the  cross  corridors  comiecting  the  main  buildings  and  for  the  longi- 
tudinal central  passageways  on  all  machine-shop  floors.  These  cir- 
cuits are  controlled  entirely  from  the  power  house. 

52  The  machine-tool  circuits  feed  individual  lights  for  the  machine 
tools  and  manufacturing  operations.  These  circuits  are  controlled 
on  each  floor  and  for  comparatively  short  lengths,  averaging  about 
200  ft. 

53  In  operation,  the  public-circuit  switches  in  the  power  house  are 
])ut  in  about  6.40  a.m.,  20  minutes  before  the  time  of  begimiing  work, 
thus  furnishing  light  for  the  entrance  of  the  employes  to  the  plant. 
They  remain  in  use  until  there  is  sufficient  daylight  to  permit  of  unhin- 
dered movement  throughout  the  passageways  and  aisles.  These  circuits 
are  again  brought  into  use  in  the  afternoon  and  remain  in  until  about 
5.20,  or  for  a  sufficient  length  of  time  to  permit  everyone  to  leave  the 
plant. 

54  The  machine-tool  circuit  is  thrown  in  at  starting-up  time,  6.55 
a.m.,  is  pulled  out  at  12  m.,  put  in  again  at  12.55  p.m.,  and  pulled  out 
again  at  5  p.m. 

55  The  day-circuit  switches  are  kept  in  at  all  times,  coiuiecting  the 
line  with  the  generators  when  they  are  running  and  with  an  outside 
source  of  current  supply  when  they  are  shut  down.  Thus  the  offices, 
drawing  rooms  and  a  limited  number  of  lights  required  for  the  night 
watchmen  are  available  at  all  times. 

56  In  the  original  plant  the  day  circuits  and  machine-tool  circuits 
fed  nothing  but  incandescent  lamps,  mainly  16  c.p.  The  public 
circuit  feeds  incandescent  lamps  in  the  toilet-room  wings,  a  limited 
number  of  incandescents  along  the  main  aisles  and  passageways,  and 
7.5-ampere  enclosed  arcs  at  the  jmiction  points  of  the  longitudinal 
central  passageways  of  the  main  buildings  and  the  cross  passageways 
connecting  these  buildings  through  the  wings. 

57  These  lighting  systems  are  at  present  undergoing  a  modification, 
not  as  regards  the  original  circuits  themselves,  or  their  control,  but 
as  regards  the  lighting  units.     The  offices  and  drawing  rooms  have 
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been  equipixnl  with  mercury  vapor  lamps  of  150  and  30()-c.p.  sizes 
and  have  been  found  satisfactory  for  this  service,  with  the  possible 
excei^tion  of  some  slight  difficulty  in  determining  the  colors  of  cards 
and  inks  in  some  of  the  office  work.  At  the  present  time  one  section 
of  a  miller  department  is  equipped  with  these  lights,  as  an  experi- 
mental test  of  their  use  on  machine  work  that  requires  the  best  illu- 
mination. If  this  test  is  satisfactory,  these  lamps  will  probably  be 
used  to  the  exclusion  of  incandescents,  not  only  in  the  extension  now 
underway,  but  by  replacement  in  the  older  manufacturing  depart- 
ments. 

58    In  case  it  is  deemed  inadvisable  to  use  these  for  manufacturing 
processes,  they  will  still  be  used  to  replace  the  arc  lamps  on  the  public 


Fig.  15    Steel  Structure  for  Attaching  Motor  to  Ceiling. 


circuits  and  for  departments  that  require  nothing  but  general  illumi- 
nation, such  as  setting  up,  storage,  shipping,  boxing  and  the  like. 

59  The  lighting  factors  for  the  original  installation  were  as  folio  ws  : 
for  offices  and  drawing  rooms  0.5  c.p.  per  sq.  ft.  of  floor  area;  for 
manufacturing  departments,  0.3  c.p.  per  sq.  ft.  of  floor  area;  and 
for  the  public  circuits  1  c.p.  for  each  29  sq.  ft.  of  floor  area. 

60  In  the  offices  as  now  equipped,  one  300  c.p.  mercury-vapor  arc 
lamp  having  a  rating  of  250  watts  is  used  for  an  average  of  250  sq. 
ft.  of  floor  area.  Similarly,  the  drawing  rooms  are  successfully  lighted 
with  a  wattage  rating  of  1.2  per  sq.  ft.  of  floor  area.  This  factor  is 
not  as  satisfactory  as  it  should  be,  because  the  ceiling  of  the  drawing 
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room  is  crossed  by  a  number  of  sheet-metal  ventilating  ducts,  so 
arranged  that  a  larger  number  of  lamps  had.  to  be  installed  to  prevent 
objectionable  shadows.  The  installation  of  these  mercury  arc  lamps 
over  the  milling-machine  area  provides  90  watts  for  each  10  sq.  ft. 
of  floor  area.  The  switch  control  for  these  mercury-vapor  arc  lamps 
is  by  twos  in  series  lengihwise  of  the  room. 

61  Power  Equipment  of  the  Machine  Shops.  Induction  motors  are 
used  throughout  for  power  purposes,  the  departments  being  broken 
up  into  convenient  groups  to  give  motors  of  a  reasonable  size  and  to 
secure  flexibility  of  control.  These  motors  in  every  case  are  attached 
to  the  ceilings  by  steel  structures,  one  type  of  which  is  illustrated  by 
Fig.  15. 

62  The  number  of  motors  used  for  the  machine-shop  areas  aggre- 
gates 130  with  a  total  horsepower  rating  of  2725.  This  gives  a  factor  of 
0.37  h.p.  per  100  sq.  ft.  of  floor  area.  The  number  of  employes  for 
these  same  manufacturing  areas  is  4500,  giving  a  factor  of  0.6  h.p. 
per  wor]j;man.  Tests  indicate  that  these  motors  carry  on  an  average 
about  90  per  cent  of  their  rated  load. 

63  The  Manufacturing  Plan.  It  was  stated  in  the  opening  para- 
graphs that  the  plan  of  organization  originally  decided  upon,  was  the 
so-called  one-shop  plan.  The  original  plant  was  divided  into  depart- 
ments and  the  machine  tools  arranged  in  keeping  with  this  decision. 
When  that  installation  was  completed,  it  perhaps  represented  as 
large  a  typical  example  of  this  scheme  of  organization  as  we  have 
ever  known.  Owing  to  the  rapid  increase  of  the  business,  the  diffi- 
culty of  getting  suitably  trained  foremen  and  the  multiplicity  of  the 
work  of  these  large  departments,  a  modification  of  the  original  plan 
has  been  necessary.  As  additions  were  completed  and  new  machine 
tools  installed,  if  the  one-shop  plan  had  been  adhered  to  in  its  entirety, 
it  would  have  meant  the  transference  of  certain  entire  departments  to 
new  floor  areas  in  order  that  other  departments  might  grow.  The 
principal  modification  is  the  adopting  of  the  output-department 
plan.  The  expression  is  here  used  with  a  meaning  slightly  different 
from  the  accepted  one,  in  that  the  modified  departments  handle  a 
line  of  similar  work  drawn  from  a  number  of  different  machines, 
instead  of  handling  one  machine  or  several  similar  associated  machines. 
This  modification,  of  course,  has  applied  only  to  the  general  machine- 
shop  manufacturing  departments  and  not  to  special  or  associated 
departments,  such  as  the  screw  machine  work,  and  the  like. 

64  Toilet-Room  Wings.     The  toilet-room  wings,  designated  in  Fig 
2  by  the  letters  ABS,  ABN ,  ABX  and  ABXX,  contain  locker  rooms 
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wash  rooms,  toilet  rooms,  tool  storage  and  delivery  rooms,  stair 
wells  and,  as  mentioned  before,  the  connecting  passageways  between 
the  main  buildings.  But  little  needs  to  be  said  about  these  build- 
ings or  their  equipment,  except  to  refer  to  Fig.  16  which  is  typical 
of  the  utilities. 

65    All  of  the  rooms  are  provided  with  mechanical  ventilation, 
through  a  system  of  ducts  in  the  walls  leading  to  a  chamber  under 


Fig.  16    View  Showing  a  Room  in  one  of  the  Toilet-Room  Wings 

the  roof  containing  a  direct-connected  ventilating  fan  discharging  to 
the  outside  air. 

66  In  the  original  building  there  was  no  local  ventilation  for  the 
toilet-room  utilities  themselves,  but  it  was  provided  in  the  additions. 
The  improvement  in  conditions  has  been  marked. 

67  One  room  of  wing  ABN  is  the  emergency,  or  first-aid  hospital, 
in  charge  of  a  registered  male  nurse.  Here  records  are  kept  of  any 
injury  that  is  treated,  no  matter  how  trivial. 

68  The  Foundry.  Fig.  17  shows  the  foundry  building,  with  the 
molding  floor  and  its  steel-framed  monitor  roof  (Fig.  18)  on  the  first- 
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floor  level.  This  floor  is  devoted  to  accessory  foundry  departments, 
including  the  cleaning,  flask-making,  casting-storage  and  metal- 
pattern  rooms.  Beneath  this  floor  is  a  storage  space  for  foundry  sup- 
plies, sand  and  coke.  Here  bins  connect  bj^ means  of  inclined  chutes, 
with  an  area  alongside  the  spur  track  to  facilitate  the  unloading  of 
material.  The  heavy  molding  floors  are  equipped  with  electric 
hoists  and  hand  cranes.     The  lighting  as  originally  installed  was  with 


Fig.  18    Section  of  Molding  Floor 

7.5-amperes  incandescent  arcs.  This  has  since  been  modified  by  the 
introduction  of  mercury-vapor  lamps  of  0.083  watts  per  sq.  ft.  of  floor 
area. 

69  Power  House.  The  power  house  designated  by  F  (Fig.  2)  is 
equipped  with  three  Curtis  vertical  turbines,  one  of  1000  and  two  of 
750  kw.  capacity,  with  their  auxiliaries. 

70  The  boiler  house  was  originally  equipped  with  two  batteries 
of  water-tube  boilers,  hand  fired.  When  the  additions  of  1906-1907 
were  made,  extra  water-tube  boilers  were  installed  and  mechanical 
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stokers  were  put  in  throughout  the  entire  equipment.  After  this, 
coal  and  ash-handling  machinery  were  added  and  an  over-head  stor- 
age capacity  of  500  tons  for  coal. 

71    Storage  Devices.   The  lack  of  precedent  was  nowhere  better 
demonstrated  tluin  in  connection  with  metallic  storage  bins,  racks 


Fig.  19    Details  of  Storage  Rack 


and  the  like.  Such  devices  today  are  the  common  equipment  of  many 
shops,  but  in  1903,  when  one  of  the  authors  endeavored  to  obtain  a 
bid  on  such  equipment,  only  one  bidder  was  found  in  the  United  States. 
His  proposal  was  based  on  an  arrangement  that  very  evidently  had 
its  prototype  in  library  racks.  The  impracticability  of  the  devices 
submitted  and  their  excessive  cost,  led  to  the  development  of  the  type 
of  rack  and  storage  box  illustrated  in  Figs.  19  and  20.     The  rack  is 
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composed  of  a  series  of  small  industrial  railway  rails,  set  vertically 
and  arranged  in  pairs  with  their  heads  facing  across  the  width  of  the 
rack.  To  these  rails  are  clamped  cross-bars  of  cast  iron,  spaced  apart 
by  f-in.  pipe  struts.  Round  rods  run  horizontally  across  these  cast- 
iron  frames  and  are  clamped  in  place  by  bolts.  The  spacing  between 
these  skeleton  shelves  is  varied  to  receive  standard  sizes  of  boxes, 
arranged  on  a  unit  system.  They  give  storage  volumes  in  the  pro- 
portions of  i,  i  1,  2,  4,  8  and  16,  respectively.     For  certain  large  and 


Fig.  20    Racks  and  Storage  Boxes 


bulky  pieces,  no  boxes  are  used,  but  the  parts  are  piled  in  place  on  the 
skeleton  shelves.  At  the  present  time  there  are  248  racks  of  this  type 
in  use,  each  one  having  an  available  storage  volume  of  972  cu.  ft. 
They  occupy  a  floor  space  60  ft.  wide  by  700  ft.  long. 

72  In  order  to  facilitate  the  putting  in  and  taking  out  of  parts  from 
the  boxes  at  the  top  rack,  a  sliding  ladder  is  installed  in  each  space 
between  two  racks  and  serves  both  of  them. 
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NOTE  OF  ACKNOWLEDGMENT 

The  designing  and  engineering  work  has  been  done  by  a  number  of  engi- 
neers, for  the  main  phxnt  was  constructed  during  the  years  1903-1904;  the  first 
addition  in  1906-1907;  another  addition  was  started  in  1910  and  the  work  is  of 
such  magnitude  that  it  will  not  be  finished  until  sometime  in  the  year  1912. 

Before  this  plant  was  built  the  United  Shoe  Machinery  Company  owned 
and  operated  a  number  of  machine  shops  near  Boston.  When  a  decision  was 
made  to  build  an  entirely  new  plant,  a  committee,  composed  of  M.  B.  Kaven, 
S.  D.  LeLand,  S.  W.  Ladd,  Z.  T.  French  and  W.  B.  Trowbridge,  was  organized 
to  investigate  all  of  the  existing  factories,  prepare  a  tentative  scheme  for  the 
new  plant  and  serve  in  an  advisory  capacity  while  the  plans  were  being  drawn. 
The  architect  was  F.  M.  Andrews,  then  of  Dayton,  Ohio,  who  drew  the  original 
plans  for  steel  framed  buildings  faced  with  brick  and  with  wooden  floors.  Be- 
fore any  work  of  construction  was  started,  however,  it  was  decided  to  change 
to  reinforced  concrete.  E.  L.  Ransome,  of  New  York  City,  was  the  advisory 
concrete  engineer,  and  Charles  T.  Main,  then  of  Dean  and  Main,  Boston,  was 
consulting  mechanical  engineer.  Mr.  Ransome  designed  and  supervised  all 
of  the  concrete  work  in  the  additions  of  1906-1907  and  is  now  serving  in  a  similar 
capacity  for  the  additions  in  progress. 

The  authors  of  this  paper  have  successively  served  as  engineers  for  the 
owner  in  designing  and  installing  the  machine-shop  equipment  of  the  original 
plant  and  in  all  of  the  engineering  work  of  the  additions,  with  the  exception 
of  the  concrete  construction. 


OIL  ENGINES 

By  H.  R.  Setz 
ABSTRACT  OF  PAPER 

Starting  with  the  older  well-known  types  of  oil  engines,  which  were  the 
natural  sequence  to  the  gasolene  engine,  this  paper  proceeds  to  give  a  de- 
scription of  the  Diesel  engine  and  its  modifications,  commonly  known  under 
the  collective  name  of  constant-pressure  engines.  This  description  is  given 
in  the  form  of  a  critical  discussion,  leading  up  to  an  explanation  of  the  prin- 
ciples underlying  the  various  processes  of  fuel  injection.  Particular  attention 
is  given  to  the  development  of  smaller  units. 
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OIL  ENGINES 

By  H.  R.  Sktz,i  Warren,  Pa. 
Non-Member 

It  has  been  reserved  for  modern  engineering  to  give  to  liquid  fuels 
tlie  consideration  due  them  by  reason  of  their  exceptional  transporta- 
tion and  storage  facilities,  their  high  heating  value  and  their  small 
bulk  as  compared  with  all  solid  fuels. 

2  The  first  successful  solutions  of  the  problem  of  using  liquid 
fuels  in  internal-combustion  engines  were  naturally  attained  with 
gasolene.  This  fuel,  the  lightest  of  the  hydrocarbons  obtained  by 
fractional  distillation  of  crude  oil,  vaporizes  at  comparatively  low 
temperatures  and  readily  forms  an  explosive  mixrbure  under  ordinary 
atmospheric  conditions.  Only  some  form  of  carburetor  was  there- 
fore required,  aside  from  the  usual  constructive  elements  of  the  gas 
engine. 

3  A  far  more  serious  problem  presented  itself  when  the  utilization 
of  the  heavier  hydrocarbons,  such  as  kerosene,  fuel  oil  and  crude  oil 
itself,  was  attempted.  Many  experiments  showed  that  in  order  to 
get  an  explosive  mixture,  these  heavy  oils  must  first  be  converted  at 
a  comparatively  high  temperature  into  vapor  before  or  during  their 
mixture  with  air.  For  this  purpose  most  oil  engines  have  a  hot  cham- 
ber or  vaporizer  where  the  oil,  after  having  been  introduced  as  a 
liquid  or  in  the  form  of  spray,  is  converted  into  vapor  and  then  taken 
up  by  and  mixed  with  a  current  of  air.  The  most  notable  methods 
now  in  use  for  securing  a  perfect  mixture  by  means  of  a  vaporizer  are 
shown  in  Figs.  1,  2  and  3. 

VAPORIZING    AND   MIXING 

4  In  Fig.  1  evaporation  and  mixing  are  effected  during  the  com- 
pression stroke.     The  oil  is  injected  into  an  incandescent  hood  or 

^  Chief  Engineer,  Struthers- Wells  Co. 
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cliamber  which,  for  starting,  is  heated  up  externally  ])y  means  of  a 
lamp,  and  afterwards  kept  red  hot  by  the  combustion  of  the  mixture 
in  it.  IDuring  the  compression  stroke  air  from  the  cylinder  rushes 
through  the  contracted  opening  into  this  chamber  and  mixes  with  the 
vapors  therein,  until  at  the  end  of  the  stroke,  the  right  proportion  of 
combustible  to  air  is  reached.  The  mixture  is  then  ignited  simply 
by  direct  contact  with  the  hot  walls  of  this  vaporizing  chamber,  aug- 
mented slightly  by  the  heat  due  to  compression. 

5  An  arrangement  commonly  used  by  gasolene  engine  manufac- 
turers to  adapt  their  engines  to  the  utilization  of  heavier  hydrocarbons 
is  shown  in  Fig.  2.     The  vaporizer  chamber  is  provided  with  a  jacket 
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Fig.  1  Fig.  2  Fig.  3 

Methods  for  Securing  Mixture  of  Vapor  and  Air 


space  through  which  the  exhaust  gases  pass,  thus  heating  the  vapor- 
izer externally.  A  cloud  of  fuel  vapor  is  produced  by  dropping  the 
liquid  fuel  on  the  heated  surfaces  of  the  baffle  plates  inside  the  vapor- 
izer. On  the  suction  stroke  of  the  piston  free  air  enters  this  vaporizer 
and,  in  passing  over  the  baffle  plates,  becomes  heated  and  in  the  same 
time  absorbs  the  oil  vapors;  the  mixture  thus  formed  and  pre-heated 
then  enters  the  cylinder  and  at  the  end  of  the  compression  stroke  is 
ignited  by  an  electric  igniter. 

6     In  Fig.  3  the  fuel  oil  is  mixed  with  and  broken  up  by  a  stream  of 
compressed  air  of  from  8  to  25  lb.  pressure  above  atmosphere,  so  that 
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it  enters  the  vaporizer  chamber  in  the  form  of  finely  divided  spray, 
and  is  immediately  vaporized,  tliie  to  the  heat  applied  externally 
by  the  exhaust  gases.  The  bulk  of  air,  being  aspirated  during  the 
suction  stroke,  then  mixes  with  the  fuel  vapor  and  becomes  pre-heated, 
thus  forming  the  explosive  charge.  Compression  and  ignition  are  the 
same  as  in  Fig.  2. 

7  These  types  of  oil  engines,  especially  those  of  Figs.  1  and  2,  are 
quite  simple  and  therefore  cheap  in  first  cost.  Their  method  of 
vaporization,  however,  is  rather  crude  and  gives  rise  to  objections 
well  borne  out  by  practical  experience,  which  are  the  cause  of  the 
prevailing  prejudice  against  such  oil  engines.  The  chief  drawback 
to  all  these  vaporizers  is  the  practical  impossibility  of  vaporizing 
the  fuel  completely  at  all  loads  and  under  all  conditions.  The  heat 
of  the  chamber  should  always  be  high  enough  to  vaporize  all  the  oil, 
but  never  hot  enough  to  decompose  it,  or  a  deposit  of  carbon  will  be 
formed  in  the  vaporizer  and  cylinder,  accompanied  by  incomplete 
combustion,  and  therefore  low  efficiencies;  this  manifests  itself  by  the 
objectionable  smoke  and  odor  of  the  exhaust  gases.  Another  draw- 
back is  that  in  all  engines  of  the  type  of  Fig.  1,  in  order  to  obtain  cer- 
tainty of  ignition  and  at  the  same  time  prevent  pre-ignitions  at  differ- 
ent loads,  the  temperature  of  the  vaporizer  should  vary  with  the  load, 
a  practical  impossibility.  The  pre-heating  of  the  mixture,  as  required 
for  engines  operating  under  the  principles  shown  in  Figs.  2  and  3, 
decreases  the  weight  of  the  air  aspirated,  and  therefore  the  capacity 
of  the  engine;  while  the  throttling  of  the  air  in  passing  through  the 
vaporizer  chamber  and  passages,  as  well  as  the  high  back  pressure  due 
to  the  exhaust  gases  passing  through  the  jacket  space  of  the  vapor- 
izers, decreases  the  power  output  of  such  engines  still  more.  The 
necessity  of  first  heating  the  vaporizer  externally  by  means  of  a  lamp 
before  the  engine  can  be  started  is  rather  inconvenient  as  it  takes 
at  least  five  to  ten  minutes.  The  fuel  consumption  of  these  engines 
averages  about  1  lb.  of  oil  per  b.h.p-hr.,  corresponding  to  a  thermal 
efficiency  of  not  over  15  per  cent. 

8  This  outline  covers  in  a  general  way  the  mechanical  principles 
of  some  of  the  commercial  liquid-fuel  engines  today  on  the  market. 
A  great  variety  of  modifications  is  possible,  such  as  the  cycle  of  oper- 
ation (2-stroke  or  4-stroke),  vertical  or  horizontal,  regulation,  valve 
gear,  etc.  However,  whether  these  work  on  the  4-stroke  or  2-stroke 
cycle,  they  all  have  in  common  the  fact  that  the  fuel  and  air  mixture, 
after  having  been  compressed,  is  instantaneously  ignited,  i.e.,  at  con- 
stant volume,  and  according  to  this  mode  of  heat  application  they 
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belong  ill  tlie  class  of  constant-volume  engines.  The  efficiency  of  this 
therniodynaniic  cycle  is  greater  with  increasing  degrees  of  compres- 
sion; the  latter,  however,  is  limited  on  account  of  the  danger  of  pre- 
mature ignitions  due  to  the  compression  temperature.  Attempts 
have  been  made  to  attain  high  compression  pressures  at  low  tempera- 
tures by  injecting  water  into  the  cylinder  during  the  compression 
stroke.  Banki  of  Hungary  has  succeeded  in  building  a  very  efficient 
motor  along  these  lines;  he  compressed  as  high  as  250  lb.  per  sq.  in., 
the  resulting  combustion  pressures  amounting  to  something  like  700 
lb.  This  necessitated  engine  parts  of  hydraulic  press  proportions 
which,  together  with  a  possibility  of  short-circuiting  the  ignition 
plugs  on  account  of  moisture  deposits,  failed  to  make  this  engine  a 
commercial  success.  The  use  of  a  special  scavenging  pump  in  a  4- 
cycle  engine  was  also  attempted,  by  means  of  which  fresh  air  could 
be  swept  through  the  cylinder  at  the  end  of  the  exhaust  stroke,  thus 
cleaning  the  clearance  space  from  the  residue  of  spent  gases  and  at 
the  same  time  cooling  the  combustion  chamber  walls.  Although 
this  permitted  the  compression  pressure  to  be  raised,  the  extra  ex- 
i:)ense  for  the  special  scavenging  pump  did  not  warrant  its  adoption 
for  general  practice.  Without  such  artificial  means  the  safe  limit  of 
compression  in  the  present  constant-volume  liquid-fuel  engines  has 
l^y  long  experience  been  found  to  be  about  70  lb.  in  gasolene  engines 
and  hardly  more  than  60  lb.  in  kerosene  engines  with  spontaneous 
(hot-bulb)  ignition  (Fig.  1).  The  efficiency  of  these  types  of  engines 
is  therefore  not  likely  to  be  increased  very  much  in  the  future.  Con- 
sidering this,  as  well  as  the  undesirable  features  touched  upon  in  the 
foregoing  discussion,  it  is  quite  obvious  that,  as  far  as  reliability  and 
economy  of  operation  are  concerned,  these  engines  fall  far  short  of 
what  may  reasonably  be  expected,  especially  in  view  of  what  is  being 
accomplished  with  gas  engines. 

DIESEL    ENGINE    TYPE 

9  An  engine  of  decided  advantages  over  those  just  discussed  is 
the  Diesel  type,  having  the  following  characteristics  of  operation: 
During  the  compression  stroke  the  cylinder  contains  air  only,  which  is 
being  compressed  to  about  500  lb.,  the  resulting  temperature  reach- 
ing a  point  sufficiently  high  to  ignite  any  liquid  fuel  injected  into  it. 
At  the  end  of  the  compression  stroke,  fuel  is  gradually  injected  by 
means  of  an  air  blast  at  a  pressure  about  250  to  500  lb.  above  the 
compression  pressure  in  the  cylinder.     This  high-pressure  air  blast 
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completely  atomizes  the  fuel  during  the  injection  period,  and  carries 
its  small  i)articles  directlj^  into  the  highly  compressed  and  heated  air 
in  the  cylinder,  where  they  are  immediatel}^  vaporized  and  ignited. 
By  this  method  combustion  is  effected  without  explosion,  as  the  con- 
tinued admission  of  the  fuel  to  about  10  per  cent  of  the  expansion 
stroke  causes  the  development  of  heat  to  take  place  at  approximately 
constant  pressure.  Since  the  oil  particles  are  burned  immediately 
after  their  mixture  with  air,  there  is  no  possibility  of  deposits  form- 
ing on  the  cylinder  walls  and  combustion  is  so  complete  that  the  ex- 
haust products  are  entirely  smokeless  and  without  odor.  Numerous 
tests  made  on  Diesel  engines  of  different  sizes  show  an  average  fuel 
consumption  of  less  than  ^  lb.  of  oil  per  h.p-hr.,  corresponding  to  a 
thermal  efficiency  of  about  30  per  cent. 

10  To  the  particular  feature  of  compressing  air  alone  to  such  a 
pressure  and  temperature  that  it  will  immediately  vaporize  and  ignite 
the  fuel  injected  into  it,  the  constant-pressure  engine  as  embodied 
in  the  Diesel  motor  undoubtedly  owes  its  success.  It  lends  itself 
admirably  to  the  utilization  of  liquid  fuels,  as  it  does  away  at  once 
with  carburetors  or  vaporizers,  and  igniters;  moreover  it  allows  the 
burning  of  any  liquid  fuel  without  special  accessories.  For  this 
same  reason  it  is  singularly  well  adapted  to  operation  on  the  2-stroke 
cycle.  The  doubtful  practice  of  scavenging  the  cylinder  with  the 
fuel  and  air  mixture,  with  its  attendant  loss  of  mixture  through  the 
exhaust  ports,  and  the  possibility  of  backfires,  is  therefore  entirely 
eliminated.  The  result  is  that  it  embodies  the  full  benefit  of  the  2- 
stroke  cycle,  practically  twice  the  power  capacity  of  a  4-stroke  cycle 
engine  of  the  same  cylinder  dimensions  and  speed.  Another  point 
of  equal  importance  is  the  fact  that  with  decreasing  loads  the  efficiency 
of  the  constant-pressure  engine  decreases  but  very  little,  while  that 
of  the  constant-volume  engine  drops  very  rapidly  with  lighter  loads. 

11  In  view  of  these  points,  therefore,  there  can  hardly  be  any 
question  that  for  the  utilization  of  liquid  fuels  the  constant-pressure 
engine  is  far  superior  to  the  constant-volume  engine.  The  great 
number  of  Diesel  engine  installations  working  under  greatly  varying 
conditions  and  with  all  kinds  of  fuels,  abundantly  proves  this,  particu- 
larly in  Europe,  where  during  the  last  three  years  engines  of  this  type 
to  an  aggregate  of  over  250,000  h.p.  have  been  built.  Considering 
the  fact  that  at  the  beginning  of  this  century  the  Diesel  engine  had 
hardly  emerged  from  the  experimental  stage,  this  is  truly  a  remark- 
able achievement  which  cannot  fail  to  attract  engineering  activity 
towards  further  developments  in  so  promising  a  field  of  enterprise. 


1174 


OIL   ENGINES 


ir.    R.    SETZ  117") 

A  nuinher  of  new  types  of  constant-pressure  oil  engines  have  been 
brought  out  within  the  last  few  3^ears,  all  differing  more  or  less  from 
one  another  in  their  mode  of  fuel  injection. 

12  The  accompanying  illustrations  show  schematically  the 
mechanical  combinations  used  to  inject  the  fuel  and  the  principal 
modifications  recentlj^  brought  out.  Since  this  new  era  of  oil-engine 
construction  started  with  the  advent  of  the  Diesel  engine,  we  will 
first  analyze  the  injection  process  of  this  engine,  so  as  to  establish  the 
functions  of  the  various  parts  entering  into  it. 

13  Fig.  4  represents  the  period  where  a  measured  quantity  of  fuel, 
according  to  the  load  on  the  engine,  is  being  deposited  in  space  .<? 
of  the  injection  valve  cage  c  by  the  oil  pump  o,  the  injection  valve  n 
being  closed  at  that  moment.  Space  s  is  continuously  in  communi- 
cation with  the  air  storage  tank  t,  into  which  the  2-stage  air  com- 
pressor a  delivers  the  air  required  for  fuel  injection  at  a  pressure  of 
from  750  to  1000  lb.  (One  or  two  additional  tanks  are  automatically 
kept  charged  by  the  compressor  ^vith  air  of  about  the  same  pressure 
for  starting  the  engine.)  The  oil  must  therefore  be  delivered  into 
space  s  against  this  high  pressure  which,  in  view  of  the  small  quantity 
to  be  delivered,  requires  extremely  accurate  work  and  adjustments  on 
the  oil  pump  o.  Since  fuel  and  injection  air  come  into  contact  with 
each  other  while  injection  valve  n  is  still  closed,  that  is,  before  the 
actual  injection  period,  it  is  quite  obvious  that  the  valve  cage  c,  as 
well  as  the  injection  air,  must  be  well  cooled  in  order  to  prevent  dan- 
gerous premature  ignitions  or  the  formation  of  deposits  due  to  partial 
evaporation  of  the  deposited  fuel. 

14  Fig.  5  shows  the  actual  injection  period,  which  starts  as  soon 
as  injection  valve  n  opens;  the  latter  therefore  controls  simultaneously 
the  admission  of  fuel  and  injection  of  air  into  the  cylinder.  At  all  loads 
the  points  of  opening  and  closing  of  the  injection  valve  n  remain 
unchanged,  i.e.,  the  length  of  the  period  the  injection  valve  is  open  is 
constant.  Within  this  period  a  variable  quantity  of  fuel,  according 
to  the  load,  is  to  be  injected.  In  order  to  accomplish  this  most  satis- 
factorily it  has  been  found  necessary  to  increase  the  pressure  of  the 
injection  air  "with  increasing  loads  on  the  engine,  i.e.,  with  increasing 
amounts  of  fuel  to  be  injected;  Diesel  engine  manufacturers  recom- 
mend a  pressure  increase  of  about  250  lb.  from  light  to  maximum  load. 
Since  compression  in  the  engine  cylinder  is  constant  at  all  loads, 
this  is  undoubtedly  due  to  the  fact  that  all  the  fuel  having  previously 
been  deposited  in  space  s,  must  be  accelerated  and  atomized  by  the 
injection  air  as  soon  as  injection  valve  n  opens.     Furthermore,  if  the 
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injection  air  pressure  is  too  high  at  light  loads  it  may  happen  that  no 
ignition  is  effected  on  account  of  the  cooling  effect  of  the  injection  air, 
of  which  more  will  be  said  later  on. 

15  The  variation  of  injection  air  pressures  with  varying  loads  on 
a  4-cylinder  250-h.p.  engine  is  given  in  Table  1,  which  also  shows  the 
indicated  compressor  work.  To  the  writer's  knowledge  no  arrange- 
ments have  so  far  been  made  on  stationary  engines  to  vary  automatic- 
ally the  pressure  of  the  injection  air  according  to  load  variations; 
this  must  be  done  by  hand,  at  the  judgment  of  the  engine  operator. 

TABLE  1    VARIATION  OF  INJECTION  AIR  PRESSURES  WITH  VARYING  LOADS 


INE  LOAD,  B.H.P 

INJFCTION    AIR   PRES- 
SURES, LB. 

INJECTION 

AIR  COMPRESSOR 

I.h.p. 

Per  cent  Engine  Load 

300 
250 
185 
145 

9.50 

8R.5 
830 
790 

19.3 
18.3 
18.4 
19.0 

7.4 
10.0 

1 

16  The  foregoing  analysis  shows  that  the  process  of  fuel  injection 
resolves  itself  into  two  distinct  phases,  which  are  in  no  direct  relation 
to  each  other: 

a  The  measuring  and  depositing  of  the  proper  amount  of 
fuel  in  the  injection  valve  cage  which  is  the  function  of  the 
oil  pump  and  may  practically  be  performed  at  any  time 
during  the  cycle  of  events  in  the  engine.  (Fig.  4  arbi- 
trarily shows  that  this  takes  place  at  the  beginning  of  the 
upward  stroke  of  the  piston.) 

b  The  actual  injection  period,  which  is  timed  by  the  opening 
and  closing  of  the  injection  valve,  while  it  is  the  function 
of  the  injection  air  to  pick  up  the  fuel,  atomize  it  and  carry 
its  small  particles  into  the  cylinder.  The  injection  valve 
opens  from  5  deg.  to  8  deg.  before  the  piston  reaches  the 
upper  dead  center,  and  closes  about  28  deg.  to  31  deg. 
past  center.  (The  earlier  opening  and  closing  applies 
to  heavier  fuels.) 

17  In  order  to  properly  distribute  the  oil  and  to  direct  the 
injection  air  so  as  to  facilitate  complete  atomization,  special  acces- 
sories, atomizers  or  distributors,  are  used,  which  are  placed  in  front 
of  the  injection  nozzle  i)i.     Fig.  6  shows  a  tyi)ical  atomizer  used  on 
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European  Diesel  engines.  A  series  of  plates  b,  arranged  just  below 
space  s  around  the  injection  valve  guide  g,  are  provided  with  small 
holes  in  such  a  way  that  they  straddle  each  other  from  plate  to  plate. 
These  plates  help  to  retain  the  oil  after  having  been  deposited  in 
space  s,  while  the  holes  will  equally  distribute  it  and  mechanically 
divide  the  blast  of  injection  air  into  small  streams,  thus  disinte- 


FiG  G.     Typical  Atomizer  used  on  European  Diesel  Enqines] 


grating  the  fuel  passing  down  through  them.  By  means  of  pas- 
sages p  arranged  in  the  circumference  of  plug  I,  these  streams  are 
directed  into  the  injection  nozzle  m  where  they  acquire  their  maxi- 
mum velocity.  The  resistance  of  the  oil  against  the  abrupt  accel- 
eration thus  produced  causes  the  oil  to  be  disintegrated  into  small 
particles  which  are  carried  directly  into  the  body  of  highly  heated 
air  in  the  combustion  chamber. 
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AMERICAN   DIESEL    ENGINE 

18  On  the  American  Diesel  engine,  a  cross-section  of  the  latest 
design  of  which  is  shown  in  Fig.  7,  the  fuel  injection  valve  and  atomizer 
are  arranged  horizontally  on  the  side  of  the  combustion  chamber. 
Owing  to  this  horizontal  position  particular  care  must  be  taken  to 
distribute  the  oil  ccjually  around  the  circumference  of  the  injection 
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IiG.  7    Cross-Section  of  American  Diesel  Engine 


valve.  A  sectional  view  of  the  atomizer  is  shown  in  Fig.  8.  Oil  and 
injection  air  come  together  in  space  s,  the  oil  entering  along  passage 
e  and  annular  ring  space  r  through  a  ring  of  holes  h.  As  the  injection 
valve  11  opens,  air  and  oil,  being  divided  into  small  streams  by  a  circle 
of  holes  p,  are  forced  into  the  injection  nozzle  m,  where  these  streams 
impinge  upon  each  other,  thus  atomizing  the  fuel. 
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SABATHE    ENGINE 

19  A  modification  of  the  Diesel  engine  iias  recently  been  brought 
out  in  France,  kno^vii  as  the  Sabath6  motor,  which  is  evidently  an 
attempt  to  eliminate  the  rather  inconvenient  requirement  of  variable 
injection  air  pressures  with  varying  loads.  Its  fundamental  features 
are  identical  with  those  of  the  Diesel  engine  (Figs.  4  and  5),  ^vith  this 
exception,  however,  that  not  only  the  delivery  of  oil  but  also  the  lift 
of  the  injection  valve  n  arc  here  varied  by  the  governor  according  to 
the  load  on  the  engine.  Constructional  details  of  the  injection  valve 
and  nozzle  arc  shown  in  Fig.  9.  Aside  from  the  injection  valve  n, 
a  second  valve  v,  sliding  on  n  and  being  ordinarily  held  down  on  its 


Fig.  8    Atomizer  of  American  Diesel  Engine 


seat  by  spring  i,  is  provided.  This  valve  v  is  lifted  by  collar  r  on  the 
injection  valve  stem  when  the  lift  of  the  latter  is  sufficient  to  do  so. 
On  light  loads  only  enough  oil  is  delivered  by  the  oil  pump  to  fill 
chamber  e  underneath  the  valve  v.  This  is  blown  into  the  cylinders 
when  needle  valve  n  lifts,  the  injection  air  passing  down  groove  p 
in  the  needle  valve  stem.  On  heavier  loads  the  amount  of  fuel  de- 
livered by  the  pump  fills  chamber  e  and  overflows  into  space  s;  the 
lift  of  injection  valve  n  is  regulated  by  the  governor  in  such  a  way  that 
first  the  oil  contained  in  chamber  e  is  injected  and  then  by  lifting  valve 
V,  also  that  contained  in  space  .'^.  The  pressure  of  the  injectioii  air 
is  mtiintained  at  800  lb. 
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DE    LA    VERGNE    FH   TYPE    ENGINE 

20  A  notable  combination  of  th(*  Diesel  principle,  as  illustrated  by 
Figs.  4  and  5,  with  the  hot-bulb  arrangement  of  Fig.  1,  is  the  type 
FH  engine  of  the  De  La  Vergne  Machine  Company,  New  York  (Figs. 
10  and  11).  The  engine  operates  on  the  4-stroke  cycle  and  compresses 
the  air  to  about  250  to  300  lb.,  instead  of  500  lb.  as  in  the  Diesel  en- 
gine.    The  temperature  thus  obtained  would  not  be  high  enough  to 
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Fig.  9    Atomizer  of  Sabathe  Engine 


ignite  the  fuel:  recourse  is  therefore  taken  to  a  hot  bulb  D,  the  air  in 
which,  owing  to  the  heat  radiated  from  its  uncooled  walls,  attains  a 
higher  temperature  than  that  contained  in  the  combustion  chamber. 
For  starting,  this  bulb  is  heated  externally  by  means  of  a  blow  torch, 
10  to  15  minutes  being  required  for  this  purpose.  At  the  end  of  the 
compression  stroke  the  fuel  is  injected  by  means  of  an  air  blast  of 
about  600  lb.  pressure,  from  the  injection  nozzle  F  across  the  combus- 
tion chamber  into  the  hot  bulb  D,  where  it  is  immediately  ignited. 
Owing  to  the  coinparativel}-  large  distance  the  fuel  spray  has  to  trans- 
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verse^after  it  leaves  nozzle  /*'  until  it  is  ignited  in  D,  ignition  first  ])ro- 
( luces  a  considerable  pressure  increase  (coinl)ustion  at  constant  vol- 
ume), to  be  followed  by  combustion  at  approximately  constant  pres- 
sure. This  is  shown  on  the  two  indicator  cards  (Fig.  12),  where  it 
will  be  noticed  that  the  maximum  pressures  reach  very  nearly  500 
lb.,  i.e.,  about  the  same  as  in  the  Diesel  engine.  As  far  as  strains  in 
the  engine  are  concerned  there  is,  therefore,  not  much  difference  be- 
tween these  two  types.  However,  it  must  be  remembered  that  in  the 
Diesel  engine  this  high  pressure  must  be  obtained  at  the  end  of  the 
compression  stroke  in  order  to  secure  ignition,  while  in  the  De  La 
Vergne  engine,  ignition  is  certain  at  about  half  that  pressure.  The 
requirements  as  to  workmanship,  and  especially  attendance,  are 
therefore  less  severe. 


Fig.  10  Fig.  11 

Type  FH  De  La  Vergne  Engine 


21  A  2-stage  air  compressor  C,  driven  by  an  eccentric  from  the 
engine  shaft,  supplies  the  injection  air.  The  air  compressed  by  the 
first  stage  is  stored  in  tanks  t  (Fig.  13),  at  a  pressure  of  from  125  to 
150  lb.,  and  is  available  for  starting  the  engine.  The  second  stage  of 
the  compressor  draws  the  air  from  one  of  these  tanks,  the  amount 
drawn  in  being  regulated  by  the  governor  by  means  of  valve  v  to  suit 
the  varying  charges  of  oil  at  each  injection,  and  forces  it  directly  into 
the  injection  valve  cage,  without  an  intermediary  storage  tank.  It 
is  needless  to  say  that  the  resulting  absence  of  tanks  under  extremely 
high  pressures  is  a  very  desirable  feature,  while  on  the  other  hand  it 
is,  of  course,  imperative  that  the  high-pressure  stage  of  the  compressor 
works  with  absolute  certainty. 
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22  Fig.  14  shows  constructional  details  of  the  injection  valve  and 
atomizer  used  on  the  type  FH  engine.  Oil  and  injection  air  come 
together  in  annular  space  s  formed  between  the  injection  valve  guide 
g  and  cage  a.  As  the  injection  valve  n  opens,  oil  and  air  proceed 
along  the  outside  of  guide  g  and  are  forced  to  pass  through  a  series 
of  chambers  connected  by  a  system  of  fine  diagonal  chamiels  d  on  the 
outside  of  g.  The  oil  is  thus  equally  distributed  around  the  circum- 
ference of  needle  valve  guide  g  and  enters  injection  nozzle  m  in  a  state 
of  fine  subdivision  from  where  it  is  blown  into  the  combustion  chamber 
and  hot  bulb. 

23  Undoubtedly  o^^^ng  to  the  fact  that  part  of  the  oil  charge  is 
burned  at  constant  volume,  the  fuel  consumption  of  this  engine  is 
remarkably  low  considering  the  comparatively  low  compression. 
Thus  according  to  tests  made  by  Dr.  Waldo  on  a  125-h.p.  engine^,  the 


500- 


300 


'/a  Lo/vQ  Fun.   Load 

Fig.  12    Indicator  Cards,  Type  FII  De  La  Vergne  Engine 

minimum  oil  consumption  was  found  to  be  0.374  lb.  per  b.h.i)-hr. 
with  the  engine  carrying  a  load  of  129  b.h.p.  at  157  r.p.m.  A  report 
from  the  Snead  and  Company  Iron  Works,  Jersey  City,  N.  J.,  shows 
the  following  results  for  twelve  months'  operation.  The  jjlant,  con- 
sisting of  a  twin  -cylinder  17  in.  by  27|  in.  engine,  operated  3033  hr. 
at  a  load  factor  of  54  per  cent;  fuel  oil  consumption  per  h.p-hr., 
0.506  lb. 

OIL-PUMP    ARRANGEMENT 

24  The  fact  that  the  function  of  the  fuel  oil  jDump  is  in  no  direct 
relation  to  the  cycle  of  events  in  the  cylinder  is  taken  advantage  of 
by  some  European  Diesel  engine  manufacturers  on  their  multi- 
cylinder  engines.  Instead  of  using  one  oil  pump  for  every  cylinder, 
as  is,  for  instance,  the  practice  of  the  American  Diesel  Engine  Com- 


1  Engineering  News,  January  13,  1910. 
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paiiy,  tlicy  use  only  one  puni})  tor  nil  cylinders.  This  i)ump  delivers 
the  oil  into  a  distributer  where,  by  n:\eans  of  a  series  of  check  valves 
and  restricted  passages  which  artificially  increase  the  resistance 
against  flow,  it  is  thus  equally  divided  into  as  many  streams  as  there 
are  cylinders.  Considering  the  severe  conditions  under  which  it  has 
to  work  on  the  Diesel  engine,  the  advantage  derived  from  the  result- 
ing reduction  of  oil  pump  parts  is  obvious. 

25  As  to  details  of  construction  of  the  oil  pump,  current  practice 
seems  to  indicate  a  preference  for  a  positively  operated  plunger  (oper- 
ated by  an  eccentric)  rather  than  one  operated  by  a  cam  where  the 
stroke  is  varied  according  to  the  load  by  letting  the  governor  shift 
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Fig.  13    Scheme  of  Injection  and  Starting  Air  Outfit  of  Type  FH 
De  La  Vergne  Engine 

a  wedge  block  in  between  the  cam  and  the  plunger.  In  the  former 
the  displacement  of  the  plunger  is  of  course  constant  and  consider- 
ably larger  than  that  required  for  the  maximum  charge  of  fuel  oil; 
the  excess  amount  of  oil  is  discharged  through  the  suction  valve  v 
(Figs.  4  and  5),  the  openmg  and  closing  of  which  is  determined  by  the 
position  of  the  governor.  This  valve  and  also  the  mechanism  for 
its  operation  are  constructive  elements  which  require  the  utmost 
care  in  design  as  well  as  worlananship,  as  upon  their  proper  action 
depends  primarily  the  accuracy  of  fuel  oil  delivery.  Frictional  resist- 
ance of  the  valve,  which  is  liable  to  prevent  its  prompt  closing,  is 
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especially  important  and  must  be  reduced  to  a  minimum.  It  is 
tlierefore  not  advisable  to  have  the  valve  stem  pass  through  a  stuffing 
box.  The  best  practice  at  ])resent  is  to  use  a  positively-operated 
])lunger  for  the  operation  of  the  inlet  valve,  this  plunger  passing 
through  the  stuffing  box  and  thus  practically  eliminating  friction  as 
far  as  the  valve  is  concerned. 

MODIFICATION  OF  DIESEL  TYPE  WITH  OPEN  FUEL  INJECTION  NOZZLE 

26  A  very  promising  departure  from  the  original  Diesel  engine 
which  has  been  developed  particularly  for  horizontal  engines  during 
the  last  two  or  three  years  by  several  German  designers,  is  represented 
by  Figs.  15  and  16.     Its  distinguishing  feature  is  the  open  fuel  injec- 
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Fig    14    Atomizer  of  Type  FH  De  La  Vergne  Engine 


tion  nozzle  m,  through  which  space  s  is  continuously  in  communica- 
tion with  the  engine  cylinder.  Fig.  15  shows  again  the  period  where  the 
oil  pump  0  delivers  a  measured  quantity  of  oil  into  space  s;  this  hap- 
pens when  the  piston  begins  its  compression  stroke,  i.e.,  when  the 
pressure  in  the  engine  cylinder  and  therefore  in  space  s  is  low.  Valve 
n  opens  shortly  before  the  end  of  the  compression  stroke  (Fig.  16), 
thereby  admitting  a  blast  of  injection  air,  which  picks  up  the  fuel  depos- 
ited in  space  s  and  blows  it  through  injection  nozzle  m  into  the  cyl- 
inder. Injection  air  of  pressures  varying  wth  the  load,  the  same  as 
on  the  original  Diesel  engine,  is  taken  from  the  storage  tank  t  kept 
charged  by  the  separate  air  compressor  a. 

27  Constructional  details  of  a  typical  injection  nozzle  and  air 
admission  valve  are  shown  in  Figs.  17  and  18.  It  will  be  noticed  that 
no  atomizer  is  used;  the  oil  is  blown  directly  from  space  s  through 
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injection  nozzle  m  into  the  cylinder.  Tlie  air  admission  valve  w 
is  operated  by  a  push  rod  r,  provided  with  a  valve  v  on  its  inner  end 
which  prevents  any  leakage  along  rod  r,  except  during  the  very  short 
interval  where  it  opens  the  air  admission  valve  n.  A  stuffing  box, 
such  as  on  the  injection  valves  n  of  the  original  Diesel  engine  (Figs. 
6  and  7),  is  therefore  not  necessary.  At  the  heavy  pressures  under 
which  these  stuffing  boxes  have  to  work  it  happens  quite  easily  that 
by  excessive  tightening  of  the  glands,  the  valves  are  prevented  from 
closing  properly,  thus  causing  loss  of  injection  air  and  even  pre- 
mature ignitions.  By  mL  ms  of  a  test  cock  K  the  proper  delivery  of 
oil  may  be  ascertained. 

28  As  already  mentioned  air  of  approximately  the  same  pressure 
as  injection  air  is  being  used  for  starting  Diesel  engines.  It  is  evident 
that  under  such  enormous  pressures  a  very  small  charge  of  air  will 
suffice  for  this  purpose.  This  is  taken  advantage  of  in  this  case  by 
operating  valve  n,  for  starting,  by  the  same  cam  and  lever  as  when  the 
engine  is  in  actual  operation.  By  opening  by-pass  valve  ij  communi- 
cation to  the  cylinder  will  be  established  through  passage  y,  through 
which,  in  addition  to  the  open  injection  nozzle  m,  enough  air  is  ad- 
mitted to  start  the  engine.  This  makes  an  admirably  compact  and 
simple  arrangement,  although,  on  account  of  the  short  duration  of 
the  starting  air  admission  period,  the  proper  starting  point  of  the 
engine  must  be  closely  observed. 

29  The  method  of  depositing  fuel  in  the  open  space  s  is  undoubt- 
edly of  advantage  so  far  as  the  oil  pump  is  concerned  as  it  permits  the 
delivery  of  oil  against  a  far  lower  pressure  than  in  the  original  Diesel 
engine. 

AIR     SUPPLY 

30  In  all  the  various  types  of  modern  oil  engines  just  discussed 
the  apparatus  required  to  obtain  the  high-pressure  injection  air  forms  a 
comparatively  complicated  and  therefore  expensive  accessory.  The 
2-stage  air  compressor  contains  four  valves.  Either  the  suction  valve 
on  the  low-pressure  or  high-pressure  stage  must  be  provided  with  an 
adjusting  device  to  vary  the  amount  of  air  drawn  in  according  to  the 
oil  charge.  The  storage  tank  t  should  also  be  provided  with  three 
valves,  one  to  close  it  off  towards  the  engine,  one  towards  the  com- 
pressor, and  one  safety  valve.  All  these  parts,  together  with  a  pipe 
line  of  sometimes  considerable  length  with  many  joints,  being  con- 
tinuously under  a  pressure  of  from  750  to  1000  lb.,  require  no  small 
degree  of  attention.     That  on  the  smaller  units  particularly,  where 
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on  account  of  their  smallnoss  these  jiarts  become  extremely  delicate, 
tiiis  becomes  a  matter  of  considerable  importance,  may  be  judged 
from  the  following  dimensions  of  the  2-stage  air  compressor  of  the 
latest  5-h.p.  Diesel  engine:  low-pressure  cylinder  diameter  2f  in.; 
high-pressure  cylinder  diameter  if  iri-J  stroke  2f  in. 

31  Attempts  have  been  made  to  simplify  matters  by  attaching  one 
single-stage  com})ressor,  driven  by  a  lever  from  the  connecting  rod, 
to  each  cylinder,  this  coni]5ressor  receiving  precomim'ssed  air  oat  of 
the  cylinder  at  a  jiressure  of  from  100  to  150  lb.  This,  however,  neces- 
sitatetl  an  extra  valv(>  in  (>ach  cylinder  head,  aside  from  other  con- 


FiG.  17  Fig.  18 

TYPicAii  "Open"  Injection  Nozzle  and  Air  Valve 


structive  complications,  and  it  was  found  furthermore  that  oil  vapors, 
taken  over  with  the  air  from  the  engine  cylinder,  had  a  tendency  to 
foul  the  compressor  valves^  thereby  rendering  proper  compression 
impossible. 

32  In  many  respects  far  more  promising  at  least  for  smaller  units 
is  the  scheme  to  eliminate  the  air  compressor  entirely  and  instead  to 
generate  the  injection  air  right  in  the  engine  at  the  moment  fuel  in- 
jection is  to  take  place  (Figs.  19  and  20).  The  special  2-stage  air 
compressor  is  here  replaced  by  a  small  chamber  a,  forming  part  of  the 
engine  cylinder  and  communicating  with  the  latter  through  passag(\s 
/  and  k.     During  the  charging  period  (Fig.  19),  the  auxiliary  i)iston 
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i  is  in  its  lowest  position,  so  that  port  i  is  wide  open,  while  the  oil 
])ump  0  delivers  the  proper  amount  of  fuel  into  space  s  which  com- 
municates with  the  engine  cylinder  through  the  open  injection  nozzle 
m.  Auxiliary  piston  t  remains  in  this  position  until  almost  to  the 
end  of  the  compression  stroke;  up  to  this  time  the  air  pressure  in 
chamber  a  will  therefore  be  the  same  as  in  the  engine  cylinder. 

33     To  start  the  fuel  injection  (Fig.  20),  auxiliary  piston  t  is  causcnl 
to  move  quickly  u]:>wards,  thereby  first  covering  passage  i,  and  then 
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Fig.  19  Fig.  20 

Oil  Engine  with  Auxiliary  I.nmection  Air  Piston 

(.'ompressing  the  air  in  chamber  a  to  a  pressure  higher  than  the  one 
in  the  cylinder.  This  causes  the  air  to  flow  from  a  through  passage 
k  into  space  s  where  it  picks  up  the  deposited  fuel  and  blows  it  through 
the  injection  nozzle  m  into  the  cylinder. 

TRINKLER-KORTING    ENGINE 


34     Fig.  21  shows  a  cut  through  the  head  end  of  an  engine  of  this 
type,  designed  by  Trinkler-Korting  and  built  to  work  on  the  4-stroke 
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cycle.  Tlu'  auxiliary  piston  t  is  provicUnl  with  a  stem  of  coiiiparatively 
large  diameter  whereby  the  effective;  piston  area  is  gretitly  reduced 
on  this  end;  the  piston  stem  passes  through  a  stuffing  box  to  the  out- 
side where  it  engages  at  c  with  l(>ver  cde.  This  lever,  together  with 
I  )ell  crank  fgh,  form  a  releasing  gear  operated  by  cams  b.  As  shown 
on  the  cut,  lever  cde  is  just  being  released  at  h;  owing  to  the  larger 


Fig.  21     Section  through  Head,  Trinkler-Korting  Engine 


total  pressure  acting  on  the  full  piston  area,  this  piston  t  is  now  caused 
to  move  quickly  outwards,  with  the  result  already  explained. 

35  From  the  foregoing  it  will  be  noticed  that  while  injection  air 
is  being  generated  in  the  chamber  a,  fuel  is  already  deposited  in  space 
s.  Since  the  latter  is  in  communication  with  a,  through  the  open 
passage  k  on  one  side,  and  with  the  engine  cylinder  through  the  open 
injection  nozzle  m  on  the  other  side,  it  is  quite  obvious  that  auxiliary 
piston  t  must  be  made  to  move  at  the  highest  possible  speed  so  as  to 
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prevent  as  much  as  possible  the  injection  of  fuel  before  the  injection 
air  has  acquired  the  velocity  necessary  to  atomize  the  fuel.  This 
explains  the  use  of  a  releasing  gear  for  the  auxiliary  piston  as  shown  in 
Fig.  21,  although  its  limitations  are  well  known;  even  on  speeds  which 
are  considered  moderate  on  internal-combustion  engines  this  gear  is 
liable  to  work  rather  noisily. 

36  By  depositing  the  fuel  into  the  open  space  s  at  the  beginning 
of  the  compression  stroke  the  same  advantages  are  derived  as  far  as 
the  oil  pump  is  concerned  as  on  the  modified  Diesel  engine.  A  less 
desirable  feature  is  the  fact  that  the  oil  has  to  lie  during  the  whole 
compression  stroke  in  space  s  in  contact  with  surfaces  and  air  which 
attain  high  temperatures;  this  facilitates  partial  evaporation  of  the 
fuel,  premature  ignition  if  the  fuel  contains  components  of  low  vol- 
atility, and  especially  the  formation  of  deposits  which  require  fre- 
(pient  cleaning  of  the  nozzle.     This  criticism  applies  to  a  certain 
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Fig  22    Indicatou  Cards,  Trinkler-Korting  Engine 

extent  also  to  the  modified  Diesel  engine  (Figs.  15  and  16),  although 
it  must  be  remembered  that  there  the  injection  air,  having  been  well 
cooled  in  the  2-stage  compressor  a  and  in  tank  t,  helps  to  cool  space  s 
during  the  injection  period,  while  in  the  Trinkler  engine  the  temper- 
ature of  the  injection  air  will  help  to  keep  the  temperature  in  s  high. 
37  A  matter  of  considerable  difficulty  seems  to  be  to  pack  prop- 
erly the  auxiliary  piston  stem.  Since  the  auxiliary  piston  is  exposed 
on  both  ends  to  the  highest  temperatures,  while  there  is  practically^ 
no  means  for  cooling  it  nor  even  its  chamber  a,  the  temperature  of  its 
stem  becomes  considerably  higher  than  what  is  considered  allowable 
in  stuffing  box  practice.  In  addition  to  this  the  stuffing  box  should 
be  able  to  withstand  maximum  pressures  of  about  600  lb.  All  leak- 
age along  the  stem  should  of  course  be  prevented,  especially  since  the 
air  available  for  fuel  injection  amounts  to  only  about  one-tenth  the 
clearance  volume  in  the  engine  cylinder.  On  the  other  hand  if  the 
stuffing  box  gland  is  tightened  too  much,  friction  easily  becomes  so 
excessive  as  to  render  inaccurate  the  movement  of  piston  t,  which 
alone  times  the  fuel  injection  period  in  this  engine. 
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38  The  i)ressure  of  the  injection  air  generated  in  this  engine 
remains  practically  constant  at  all  loads,  since  it  depends  entirely 
upon  the  difference  of  the  effective  areas  of  piston  t,  i.e.,  the  diameter 
of  the  piston  stem.  A  variation  of  injection  air  pressures  to  suit  the 
varying  amounts  of  fuel,  such  as  is  found  to  be  of  advantage  in  the 
Diesel  engine,  is  therefore  out  of  the  question. 

39  Fig.  22  shows  two  indicator  cards  taken  on  aTrinkler  engine. ^ 
It  will  be  noticed  that  the  compression  pressure  is  400  lb.     At  normal 
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Haselwander  Engine 


load  combustion  sets  in,  first  at  approximately  constant  volume  and 
then  at  a  constant  pressure  of  about  500  lb.  On  a  12-h.p.  motor  the 
consumption  of  Russian  fuel  oil  was  found  to  be  0.48  lb.  per  b.h.p.  at 
normal  load,  and  0.52  lb.  per  b.h.p.  at  one-half  load. 


HASELWANDER    ENGINE 

40     Considerably  simpler  than  the  Trinkler  engine  although  not 
working  under  quite  the  same  principle,  is  the  Haselwander  engine, 

^Zeitschrift  des  Vereins  deutscher  Ingcnieure,  1907,  p.  903. 
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(Figs.  23  and  24).  The  auxiliary  piston  t  of  the  former  is  here  r(^- 
placed  by  the  projection  t  on  top  of  the  main  piston,  while  the  cylinder 
top  carries  a  corresponding  contraction.  As  in  the  previous  two  ex- 
amples, fuel  is  delivered  by  the  oil  pump  o  into  space  s  at  the  begin- 
ning of  the  compression  stroke  (Fig.  23),  and  remains  stored  there,  in 
front  of  the  open  injection  nozzle  m,  until  near  the  end  of  the  stroke. 

41  When  nearing  the  upper  dead  center  projection  t  of  the  main 
])iston  enters  the  contracted  cylinder  top,  thereby  forming  an  amiular 
chamber  a  in  the  cylinder  (Fig.  24),  in  which  the  air  is  being  com- 
pressed to  a  higher  pressure  than  the  body  of  air  above  t.  The  in- 
jection air  thus  obtained  in  annular  chamber  a  now  flows  through  k 
into  space  s,  where  it  displaces  the  stored  fuel  and  injects  it  through 
nozzle  m  into  the  cylinder.  The  height  of  projection  t  is,  of  course, 
limited  by  the  desideratum  that  fuel  injection  and  ignition  must  not 
take  place  until  the  piston  has  practically  finished  its  compression 
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Fig.  25     Indicator  Card,  Haselwandek  Engine 

stroke,  as  otherwise  the  strain  on  the  crank  mechanism  due  to  the 
sudden  increase  in  pressure  becomes  excessive,  especially  after  the 
engine  is  warmed  up  and  ignition  takes  place  much  more  quickly. 

42  Strictly  speaking  the  Haselwander  engine  does  not  therefore 
belong  in  the  class  of  constant-pressure  engines;  fuel  being  injected 
during  the  short  interval  where  projection  t  enters  the  contracted  cyl- 
inder top  and  the  end  of  the  stroke,  combustion  will  practically  take 
place  at  constant  volume.  Since  the  air  in  the  cylinder  is  compressed 
sufficiently  high  to  ignite  the  fuel  when  injected  into  it,  it  follows  that 
the  maximum  pressures  in  this  engine  must  become  rather  high. 
This  may  be  seen  from  the  indicator  card.  Fig.  25,  where  the  compres- 
sion pressure  is  240  lb.,  while  the  maximum  explosion  pressure  amounts 
to  about  650  lb.  In  his  later  designs,  Haselwander  has  increased  the 
compression  pressure  sufficiently  to  do  away  with  the  igniter  which 
in  his  older  models  with  lower  compression  was  necessary  for  starting 
the  cold  engine.  As  far  as  thermal  efficiency  is  concerned,  this  is  a 
point  in  favor  of  the  Haselwander  engine,  for  it  is  well  known  that, 
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compression  being  equal,  the  constant-volume  engine  is  superior  to 
the  constant-pressure  engine.  Tests  made  on  a  lO-h.]).  single-cylin- 
der, horizontal,  4-C3^cle  engine  of  the  older  type,  running  at  250 
r.]).m.,  gave  the  following  results: 

Load  in  b.h.p 11. G  10.5         9.2  7.2  5.2 

Fuel  consumption  pc/b.h.p-lir.  in  lb.... 0.51        0.48        0.51        0.57        O.GO 


Fig.  26    Haselwander  Two-Cycle  Engine 


The  fuel  used  was  Pechelbronner  crude  oil,  specific  gravity  0.814, 
heat  value  18,350  b.t.u. 

43  In  order  to  prevent  any  possible  ill  effects  from  wear  on  piston 
and  cylinder  walls,  the  projection  i  fits  into  the  contracted  cylinder 
top  with  considerable  clearance.  This,  however,  produces  the  rather 
serious  drawback  of  allowing  the  hot  gases  of  combustion  to  flow  past 
projection  t  into  the  annular  space  a,  where  the  pressure  is  of  course 
much  lower  at  the  time  of  explosion  in  the  combustion  chamber. 
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As  a  result  projection  t  will  gradually  be  scorched  and  burnt  off,  thus 
increasing  the  clearance  space  to  an  extent  such  as  to  cause  excessive 
leakage  losses  of  injection  air. 

44  This  difficulty,  it  is  claimed  by  the  inventor,  has  been  entirely 
overcome  by  the  design  shown  in  Fig.  26.  Here  the  projection  t 
has  been  very  cleverly  combined  with  the  baffle  plate  commonly  used 
on  top  of  the  piston  of  ordinary  2-cycle  engines.  By  laying  this 
baffle  t  in  the  plane  in  which  the  side  thrust  of  the  connecting  rod 
manifests  itself,  the  influence  of  wear  on  piston  and  cylinder  walls 
has  been  eliminated,  making  it  possible  to  reduce  the  clearance  at 
a:  to  a  minimum. 

45  The  drawbacks  incidental  to  the  method  of  depositing  fuel  at 
the  beginning  of  the  compression  stroke  in  space  s,  in  front  of  the  open 
injection  nozzle  m,  undoubtedly  make  themselves  felt  in  a  larger 
measure  in  this  engine.  Not  only  is  the  temperature  in  space  s  kept 
high  by  the  hot  injection  air,  but  it  is  liable  to  be  increased  very 
considerably  by  the  burning  products  of  combustion  being  blown 
back  from  the  combustion  chamber  through  nozzle  m  and  space  s 
into  a  where  the  pressure  is  at  that  moment  lower. 

DISCUSSION    OF    ENGINE    FEATURES    OF    DIFFERENT    TYPES 

4G  The  very  favorable  thermal  efficiency  of  the  Trinkler  and 
Haselwander  engines,  their  fuel  consumption  being  almost  equal  to 
that  of  the  Diesel  engine,  although  obtained  with  far  simpler  means 
than  in  the  latter,  seems  to  point  a  way  for  future  developments. 
Especially  for  units  up  to  about  15  to  20  h.p.,  which  by  making  proper 
provisions  can  be  easily  started  by  hand,  the  elimination  of  the  extra 
air  compressor  is  of  great  advantage.  But  even  for  larger  units,  where 
an  air  starting  outfit  is  needed  and  as  we  have  seen  generally  com- 
bined with  the  injection  air  compressor  by  Diesel  engine  manufac- 
turers, the  production  of  injection  air  by  the  principle  incorporated  in 
the  Trinkler  and  Haselwander  engines  seems  to  offer  certain  advan- 
tages for  the  reason,  as  already  mentioned  in  discussing  the  Diesel 
engine,  that  care  must  be  taken  to  have  the  injection  air  well  cooled; 
its  temperature  is  very  little  higher  than  the  engine-room  temper- 
ature when  it  reaches  the  injection  valve  cage.  The  drop  of  pressure 
of  the  injection  air  during  the  injection  period  varies,  according  to 
the  load,  from  250  to  500  lb.;  this,  of  course,  is  accompanied  by  a 
temperature  drop.  Since  the  volume  of  free  air  expended  for  every 
injection  is  equal  to  about  one-twelfth  to  one-eleventh  the  displacement 
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of  the  piston,  tlie  amount  of  heat  absorbed  is  therefore  consider- 
able. Thus  by  careful  calorimctric  measurements  the  operating 
temperature  of  the  atomizer  was  determined  to  be  180  deg.  fahr., 
which,  considering  the  fact  that  its  lower  end  reaches  directly  into  the 
combustion  chamber,  is  quite  low.  As  a  result  the  air  and  oil  spray 
is  cold  enough  when  injected  to  lower  materially  the  temperature  of 
the  air  in  the  combustion  chamber,  thus  endangering  the  certainty 
of  ignition.     This  cooling  effect  manifested   itself   very   strikingly 


Fig.  27    Setz  Oil  Engine  with  Auxiliary  Injection  Air  Piston 


when  the  first  attempts  were  made  to  burn  heavy  coal  tar  oils  in  the 
Diesel  engine.  Only  after  the  engine  had  been  in  operation  for  some 
time,  and  was  therefore  warmed  up,  could  the  injection  air  pressure 
be  raised  sufficiently  to  get  somewhat  near  complete  combustion,  but 
even  then  frequent  "misses"  or  late  explosions  occurred.  This  dif- 
ficulty could  be  successfully  overcome  only  by  injecting  first  a  very 
small  charge  of  a  lighter  oil,  immediately  followed  by  the  charge  of  coal 
tar  oil.  Practically  all  the  leading  Diesel  engine  manufacturers  in 
Germany  have  recently  adopted  this  expedient,  and  quite  a  number  of 
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ingenious  constructions  have  within  the  last  year  or  two  been  developed 
for  this  purpose.  In  all  these  schemes  the  fundamental  idea  is  to 
inject,  with  the  very  first  particles  of  injection  air,  oil  particles  which 
will  immediately  be  vaporized  and  ignited,  before  enough  of  the  cold 
injection  air  enters  the  combustion  chamber  to  cool  the  air  there 
materially.  Even  for  ordinary  fuel  oils  this  is  a  prime  requisite  in  the 
design  of  atomizers  and  injection  nozzles  to  counteract,  without 
resorting  to  excessively  high  compression,  the  cooling  effect  of  the 
injection  air,  especially  at  light  loads. 

47  It  is  evident  that  this  phenomenon  will  at  once  be  eliminated 
if  the  injection  air  is  obtained  as  illustrated  by  the  Trinkler  and  Hasel- 
wander  engines,  or  by  any  other  process  which  will  produce  heated 
injection  air;  thus  in  the  Trinkler  engine,  with  the  compression  pres- 
sure considerably  lower  than  in  the  Diesel  engine,  self-ignition  was 
successfully  obtained  from  the  start.  Heated  injection  air,  however, 
introduces  the  complications  dealt  with  in  discussing  the  method  of 
depositing  fuel  in  front  of  the  open  injection  nozzle  at  the  beginning 
of  the  compression  stroke,  or  for  that  matter,  in  any  engine  where 
fuel  (or  fuel  vapors)  and  air  come  into  contact  with  each  other  before 
the  actual  injection  period.  This  method  of  introducing  the  oil  will, 
therefore,  have  to  be  abandoned  in  favor  of  a  scheme  for  keeping  it 
entirely  separate  from  all  air  until  the  injection  period  begins. 

48  There  is  another  consideration  which  speaks  for  such  a  step. 
It  will  be  noticed  that  the  injection  process  of  all  these  various  types 
of  engines  distinctly  resolves  itself  into  the  two  phases  alluded  to  in 
Par.  16.  As  a  result  the  engine  makes  at  least  one-half  a  revolution 
between  the  time  where  the  measured  quantity  of  oil  is  delivered  and 
where  its  energy  is  liberated  in  the  engine  cylinder;  in  other  words, 
the  development  of  the  indicator  diagram  is  not  positively  controlled 
by  the  governor.  In  order  to  accomplish  this  the  oil  admission  period 
and  the  injection  period  must  fall  together;  regulation  will  then  be 
similar  to  that  of  the  steam  engine,  where  the  energy  carrier  is  admit- 
ted and  controlled  by  the  governor  at  the  beginning  of  the  working 
stroke. 

49  Under  this  condition  it  should  then  be  possible  to  use  injection 
air  of  a  higher  temperature  than  is  now  feasible,  and  as  a  result  the 
compression  pressure  in  the  cylinder  may  be  materially  lowered.  It 
is  true  that  this  will  slightly  lower  the  thermal  efficiency;  on  the  other 
hand,  it  must  be  remembered  that,  at  least  for  small  units,  extreme 
efficiency  is  not  so  much  the  desideratum,  especially  in  this  country, 
as  extreme  simplicity  and  reliability  of  operation,  which  are,  of  course, 
very  dependent  on  the  working  pressures. 
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50  It  seems  probable  tliat  the  introduction  of  the  fuel  into  a  blast 
of  injection  air  at  the  moment  fuel  injection  is  to  take  place,  instead 
of  employing  the  old  method  where  the  air  blast  has  to  pick  up  the 
fuel,  would,  aside  from  the  advantages  just  mentioned,  make  it  pos- 
sible to  use  injection  air  of  a  lower  pressure.     This  induced  the  author 


Fig.  28    Setz  Engine  Standing  on  Testing  Block 

some  two  years  ago  to  build  a  simple  apparatus  by  means  of  which 
either  one  of  these  two  methods  could  be  used.  Since  the  observa- 
tions to  be  made  were  of  a  relative  nature  only,  the  air  and  oil  spray 
was  merely  blown  into  the  atmosphere,  although  a  series  of  such 
experiments  conducted  under  actual  working  pressures,  with  various 
shapes  of  nozzles,  would  imdoubtedly  help  to  throw  much  light  on  a 
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subject  on  whicli,  judging  from  the  many  theories  prevalent  among 
designers  of  modern  oil  engines,  little  actual  knowledge  seems  to  exist. 
Unfortunately  the  limited  time  and  means  available  did  not  permit 
the  author  to  pursue  his  experiments  as  far  as  at  first  contemplated, 
nor  to  find  a  way  to  determine  positively  the  important  although 
elusive  degree  of  atomization.  After  several  futile  attempts  this  was 
finally  judged  merely  by  two  independent  observers.  Under  these 
conditions  few  data  of  actual  value  could  be  obtained;  the  fact, 
however,  has  been  positively  established  that  in  the  case  of  the  grad- 
ual introduction  of  the  fuel  into  the  injection  air  blast,  considerably 
less  energy  was  required  to  atomize  it  completely  than  under  the  old 
method.  This  was  especinily  apparent  when  the  oil  was  introduced 
in  the  form  of  a  very  fine  film,  thus  affording  a  large  surface  over 
which  the  "disintegrating"  of  the  oil  could  take  place. 
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51  On  the  strength  of  these  observations,  as  well  as  on  the  fore- 
going critical  analysis,  an  experimental  engine  was  subsequently 
built,  the  general  scheme  of  which  is  shown  in  Fig.  27,  representing 
the  injection  period.  The  principle  of  obtaining  injection  air  is  the 
same  as  that  described  in  Pars.  32  and  33  (Figs.  19  and  20).  The 
auxiliary  piston  t  has  just  produced  injection  air  of  sufficiently  high 
pressure  to  obtain  the  desired  velocity  through  passage  k,  from 
whence  it  is  directed  into  space  s  in  such  a  way  as  to  cause  it  to  circle 
around  its  wall  down  towards  nozzle  ni.  At  this  moment  pump  o 
begins  gradually  to  force  the  required  quantity  of  oil  into  space  .s 
at  a  velocity  determined  by  the  tension  on  spring  g  of  valve  n.  The 
oil  is  therefore  forced  directly  into  the  stream  of  injection  air,  the 
velocity  of  which  is  relatively  much  higher  than  that  of  the  oil,  and 
the  resulting  abrupt  acceleration  of  particle  for  particle  of  oil  pro- 
duces a  complete  spray  at  a  minimum  expenditure  of  energy.  An 
important  feature  of  this  arrangement  is  the  fact  that  valve  7i  admits 
the  fuel  in  the  form  of  a  very  fine,  cone-shaped  film,  thus  distributing 
it  equally  over  the  whole  surface  of  the  injection  air  blast.  This 
introduction  of  the  fuel  continues  until  oil  pump  valve  v,  which  is 
under  control  of  the  governor,  opens,  when  valve  n  will  automatically 
return  to  its  seat  and  close  off  the  oil  passage,  or  rather  the  oil  contained 
therein,  from  all  contact  with  air  until  the  next  injection  j^eriod  begins. 
The  functions  of  valve  n  arc  thus  three-fold: 
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a  To  determine  the  velocity  with  which  the  oil  is  to  enter 
space  s. 

h  To  distribute  equally  the  oil  introduced  over  the  whole  sur- 
face of  the  injection  air  stream. 

c  To  prevent  the  possibility  of  air  and  oil  coming  in  contact 
with  each  other  except  during  the  injection  period. 

52  It  is  evident  that  in  this  engine  the  duration  of  the  injection 
period  is  determined  by  the  oil  pump  o;  provisions  must  therefore  be 
made  to  start  the  admission  of  fuel  under  all  loads  at  the  same  point, 
relatively,  to  the  position  of  the  main  piston.  This  is  accomplished 
by  means  of  valve  I,  which  always  closes  at  a  fixed  point  of  the  pump 
stroke  when  the  delivery  of  oil  begins  and  continues  at  a  rate  deter- 
mined by  the  diameter  and  stroke  of  the  plunger. 

53  Fig.  28  gives  a  view  of  this  engine  standing  on  the  testing  block. 
In  the  near  future  the  ^\Titer  expects  to  be  in  a  position  to  give  a  de- 
tailed description  of  the  constructive  elements  used,  and  to  produce 
the  data  obtained  by  the  experimental  investigations  now  going  on. 
What  little  has  already  been  obtained  promises  to  prove  the  prac- 
ticability of  the  scheme  depicted  by  Fig.  27,  which,  in  its  practical 
form,  represents  an  engine  of  surprising  simplicity. 

54  In  conclusion  the  ^^Titer  wishes  to  emphasize  the  fact  that  the 
design  and  manufacture  of  oil  engines  is  preeminently  a  matter  of 
detail  work,  which  might  appear  insignificant  compared  with  the 
general  problems  involved  in  the  design  of  an  engine.  However, 
the  history  of  the  development  of  the  Diesel  engine  shows  that  it  is 
just  these  details  requiring,  if  properly  conceived,  no  small  amount 
of  engineering  skill  in  their  construction,  that  determine  the  prac- 
ticability of  the  modern  oil  engine;  aside  from  the  purely  analytical  or 
speculative  problems  involved  in  these  details,  the  selection  of  proper 
materials  and  "fits,"  which  experience  and  close  observation  alone 
can  teach,  are  matters  of  utmost  importance,  and  only  the  very  best 
of  tools  and  extremely  accurate  workmanship,  together  with  broad- 
minded  business  principles,  will  make  it  possible  to  reach  the  high 
standard  necessary  to  attain  success, 

55  Looking  over  the  situation  of  the  oil-engine  industry  in  this 
country,  where  conditions  for  extended  activity  on  this  field  are  prob- 
ably more  favorable  than  elsewhere,  it  must  be  admitted  that  very 
little  has  so  far  been  accomplished.  Our  patent  records  are  not  want- 
ing in  evidences  of  interest,  nor  have  manufacturers  overlooked  this 
prime  mover.     Of  far  greater  moment  than  the  patent  specification 
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is  a  full  appreciation  of  the  importance  of  details,  the  development  of 
wliich  along  sane  principles  must  be  the  designer's  foremost  aim. 
That  this  may  involve  a  consideral^le  amount  of  experimental  work 
should  form  no  barrier,  for  the  commercial  possibilities  are  well, 
worth  every  earnest  effort.  There  is  a  growing  demand  in  this  coun- 
try for  reliable  engines  that  will  burn  efficiently  the  heavier  hydro- 
carbons, and  it  is  safe  to  predict  that  the  near  future  will  see  great 
strides  towards  the  advance  of  these  prime  movers. 

Since  this  paper  was  written  an  admirable  treatise  on  the  same  subject  by 
Prof.  A.  Naegel,  appeared  in  No.  32  of  the  Zeitschrift  des  Vereins  deutscher 
Ingenieure,  which  gives  a  very  complete  review  of  the  present  status  of  tho 
modern  oil  engine  in  Germany.  Particularly  the  very  latest  developments  of 
large  units,  as  well  as  the  provisions  made  for  the  utilization  of  the  heavy 
coal  tar  oils,  are  fully  described  and  illustrated.  Although  it  will  probably 
be  some  time  before  American  engineers  will  be  called  upon  to  direct  their 
attention  towards  such  advanced  problems,  a  perusal  of  said  article  is  here- 
with recommended,  especially  since  the  many  excellent  illustrations  arc 
highly  suggestive. 


THE  CORE  ROOM:  ITS  EQUIPMENT  AND 
MANAGEMENT 

By  Henry  M.  Lane 

ABSTRACT  OF  PAPER 

This  paper  deals  with  the  subject  of  foundry  cores  and  core-room  practice 
under  the  following  headings:  core-room  location  and  arrangement;  core 
sands  and  core  binders;  selection  and  compounding  of  core  materials;  core 
ovens  and  core  drying;  core  pasting;  core  handling  and  core  storage;  core  ma- 
chines and  core  room  rigging.  Investigation  of  the  subject  has  been  made 
through  the  assistance  of  many  firms  and  individuals  interested  in  securing  a 
more  uniform  product  from  the  foundry  and  one  of  higher  quality.  A  consider- 
able portion  of  the  work  was  done  at  the  laboratory  of  the  Robson  Process 
Co  npany,  Covington.  Va.,.  where  extensive  experiments  were  made  on  cores 
and  core  sands  and  binders,  including  core  baking.  The  object  of  the  paper 
is  to  show  mechanical  engineers  that  it  is  possible  to  meet  their  requirements 
in  the  production  of  castings,  but  that  to  accomplish  this  result  core  room 
practice  cannot  be  based  on  rule-of -thumb  methods;  instead  it  must  ap- 
proach the  precision  and  certainty  to  be  attained  by  the  introduction  of  labor- 
atory methods. 
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THE  (ORE   KOOM:  US  EQUIPMENT  AND 
MANAGEMENT 

By  Henry  M.  Lane,  Cleveland,  O. 
Member  of  the  Society 

The  object  of  this  paper  is  to  bring  to  the  attention  of  mechanical 
engineers  the  fact  that  by  proper  study  of  details  in  the  foundry- 
and  core  room,  it  is  possible  to  produce  castings  better  suited  for  ma- 
chine construction  than  those  now  ordinarily  furnished,  particulaii>- 
in  regard  to  their  interior  or  core  surfaces. 

2  For  the  present  purpose  a  core  may  be  considered  as  any  body 
of  sand  that  is  formed  apart  from  the  mold  and  then  introduced  into 
the  mold  during  its  construction  or  after  the  mold  proper  is  finished. 
The  function  of  a  core  is  to  form  certain  faces  of  the  casting,  either 
interior  or  exterior. 

3  Common  sense  dictates  that  the  faces  formed  by  the  core 
should  be  as  good  as  those  formed  by  the  body  of  sand  comprising 
the  mold  proper.  This,  however,  is  not  generally  the  case.  Until 
recent  times  wooden  boxes  were  largely  used  in  making  cores  and 
little  care  was  taken.  The  baked  cores  were  filed  to  fit  one  another 
or  the  mold.  No  attempt  Avas  made  to  produce  very  accurate  holes; 
in  fact,  the  machine  shop  frequently  preferred  to  cut  openings  from 
solid  metal  rather  than  to  contend  with  irregular  and  poorly  cored 
holes  full  of  adhering  sand  and  scale.  There  is  no  excuse  for  prac- 
tice of  this  kind  and  a  machine  shop  has  a  right  to  demand  as  perfect 
a  finish  on  the  interior  of  a  casting  as  on  the  exterior. 

4  Some  of  the  best  core-room  practice  is  found  in  the  specialty 
shops,  such  as  of  manufacturers  of  radiators,  pipe  fittings,  gas  stove 
burners  and  automobile  engines.  In  these  shops  the  equipment  has 
been  perfected  to  such  an  extent  that  the  castings  are  turned  out  true 
to  size  within  limits  of  a  few  hundredths  or  thousandths  of  an  inch, 
proving  that  much  thought  has  been  spent  on  the  core  room  and  its 
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equipment.  Hut  even  in  the  finest  und  most  progressive  plants  we 
find  conditions  which  cause  loss  of  time  and  money.  In  some  plants 
where  the  engineers  have  given  painstaking  care  to  the  design  and 
construction  of  the  core  boxes  and  core  driers,  and  are  using  various 
types  of  core  machines,  they  are  using  sands  of  such  a  nature  that  the 
ingredients  of  the  sand  destroy  a  considerable  portion  of  the  oil 
or  other  material  used  as  a  binder,  necessitating  an  excess  of  binder, 
which  means  unnecessary  expense.  Most  core  rooms,  also,  are  ham- 
pered by  some  one  condition  which  is  considered  a  fixture,  such  as 
an  antiquated  oven,  a  cheap  local  sand  or  the  prejudice  of  the  fore- 
man in  favor  of  some  binding  material. 

5  For  the  past  four  or  five  years  the  author  has  given  partic- 
ular attention  to  the  problems  of  the  core  room.  While  many  foun- 
dry friends  have  been  ready  to  try  experiments  at  his  suggestion, 
there  has  been  difficulty  in  harmonizing  their  results,  or  in  harmonizing 
results  in  the  same  plant  when  the  experiments  were  carried  on  a  few 
weeks  apart.  All  have  felt  the  need  of  improvement  in  this  line, 
but  it  required  someone  to  act  as  a  clearing  house  of  ideas,  to  plan 
the  tests,  to  see  that  they  were  carried  out  in  different  plants,  and 
above  all,  a  central  laboratory  which  could  unite  the  results  of  the 
different  experiments. 

6  At  this  juncture  the  Robson  Process  Company  tendered  the 
use  of  its  well  equipped  chemical  and  physical  laboratories  at  Coving- 
ton, Va.  and  at  the  author's  suggestion  set  aside  a  large  room  for 
the  installation  of  core  ovens  and  testing  machines.  With  this 
laboratory  available  the  cooperation  of  other  manufacturers  and 
dealers  was  asked  and  they  have  all  rendered  hearty  assistance.  In 
another  part  of  this  paper  will  be  found  a  list  of  the  sands  furnished 
and  tested  and  a  list  of  the  binders  tested. 

THE  LABORATORY  AND  EQUIPMENT 

7  A  general  description  of  the  laboratory  equipment  and  meth- 
ods used  wall  prove  helpful  to  a  more  ready  understanding  of  the 
paper. 

8  Sand  Mixitig.  All  of  the  sand  samples  are  thoroughly  mixed 
before  the  batches  of  cores  are  made.  There  is  no  regular  mixing  mill 
available  and  so  the  following  method  is  adopted:  The  dry  sand  is 
measured  out,  the  binder  added,  and  the  mass  worked  over  by  hand 
until  the  binder  seems  to  be  thoroughly  distributed  throughout  the 
sand.     In  working  by  hand  the  sand  is  rubbed  between  the  hands. 
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and  the  desired  amount  of  water  for  tempering  then  added.  A  care- 
ful record  of  tlie  e  cact  amount  of  water  used  should  be  kept  in  all 
cases  so  that  the  experiments  can  be  duplicated  with  exactness.  The 
sand  is  then  taken  on  an  iron  plate  and  mixed  by  rubbing  with  an 
iron  pipe  as  in  Fig.  1.  It  will  be  noticed  that  the  sand  is  made  into 
a  pile  and  a  little  of  the  end  of  the  pile  cut  off  ^\dth  the  pipe  and 
rubbed  forward  at  each  stroke. 

0  This  method  of  mixing  molding  sands  was  used  by  Mr.  Ron- 
ceray  in  illustrating  the  advantage  of  milling  sands  in  a  paper 
which  he    read  before  the  American  Foundrymen's  Association  at 


Fig.  1    Mixing  Sand  on  a  Plate  with  an  Iron  Pipe 


the  Philadelphia  convention  some  years  ago.      By  this  means,   a 
good  molding  sand  was  made  from  clay  and  sharp  sand. 

10  It  is  a  rule  at  the  laboratory  to  mix  each  batch  of  sand  by 
cutting  it  over  five  times  on  the  plate  in  addition  to  the  hand  mixing. 
The  batch  is  then  taken  to  the  core  bench  or  core  machine,  as  the 
case  may  be.  Very  large  batches  have  to  be  worked  over  a  little  at 
a  time  on  the  plate. 

11  Core-Making  Equipment.  A  general  view  of  the  core-making 
bench  and  a  portion  of  the  core  department  is  shown  in  Fig.  2.  The 
central  portion  of  the  table  is  used  for  making  cores  by  hand.  At 
the  ends  of  the  table  are  mounted  two  core  machines,  the  one  at  the 
right  being  a  Wadsworth  screw-feed  machine,  and  the  one  at  the  left 
an  Acme  plunger-feed  machine. 
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12     Both  the  machines  are  luounted  on  heavy  ])hniks  hinged  to 
the  table  at  one  end  and  arranged  to  be  raised  to  varions  elevations 


Fig.  3    Wadsworth  Screw-Feed  Core  Machine  Making  1-in.  Round  Cores 


Fig.  4    Acme  Plunger  Core  Machine  fitted  for  making  1-in.  sq.  Cores 


at  the  other.  This  is  better  shown  in  Figs.  3  and  4.  The  device 
enables  the  machines  to  be  tested  when  feeding  the  cores  out  on  a 
level  surface  and  also  when  running  the  cores  down  hill  at  various 
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angles.  This  method  of  mounting  was  first  called  to  the  writer's 
attention  while  experiments  were  being  carried  on  with  one  of  tlu» 
Acme  plunger-feed  machines  in  the  making  of  cores  of  gangway  oi' 
old  core  sand  at  one  of  the  plants  of  the  International  Harvester 
Company.  They  found  it  was  necessary  to  feed  the  cores  down  at 
an  angle  of  10  deg.  to  prevent  buckling,  but  by  so  doing  were 
able  to  use  a  very  cheap  mixture  composed  entirely  of  old  sand  and 
a  relatively  small  amount  of  binder.  In  Fig.  3  the  Wadsworth 
machine  is  shown  making  1-in.  round  cores  and  forcing  them  out 
on  corrugated  plates.  Fig.  4  shows  the  Acme  machine  fitted  for 
making  three  square  cores  at  a  time,  and  also  illustrates  the  rod 


Fig.  5    Detroit  Jar-Ramming  Core  Machine  in  the  Act  of  Rolling  Over 

guide  for  keeping  the  square  cores  straight  after  they  are  run  out 
on  the  plate,  round  cores  are  run  out  on  a  corrugated  plate.  The 
Wadsworth  machine  is  also  fitted  with  square  core  dies  and  in  this 
case  the  cores  are  straightened  by  means  of  a  straight  edge.  To  test 
the  advantage  of  jar-rammed  cores  the  jar-ramming  machine  shown  in 
Fig.  5  was  installed,  wh  ich  shows  it  in  the  act  of  being  rolled  over,  the 
core  having  been  formed,  the  plate  placed  upon  it  and  clamped.  The 
machine  is  then  raised,  rolled  over,  and  let  down  on  to  the  core  plate 
when  the  core  box  is  removed  and  the  plate  passed  to  the  oven.  This 
machine  is  used  largely  for  making  cores  2  in.  square  15  in.  long 
for  breaking  on  supports  12  in.  apart.  This  larger  size  of  core  was 
adopted  to  test  out  mixtures  used  for  heavy  co  es. 
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13  Core  Testing.  Much  tliought  was  given  to  the  proper  method 
of  testing  cores  and  several  devices  have  been  tried.  For  testing 
cores  in  tension  an  ordinary  concrete  testing  machine  is  used  with 
the  standard  tension  pieces  made  in  the  ordinary  briquette  mold 
shown  in  Fig.  6.  These  briquettes  are  1  in.  thick  and  1  in.  wide  in 
the  narrow  part,  so  that  they  have  an  area  of  1  sq.  in.  at  the  point 
where  they  are  broken.  The  cores  are  pulled  in  a  small  testing 
machine  shown  in  Fig.  7.  This  machine,  however,  has  a  capacity 
of  only  56  lb.  and  it  was  found  that  many  of  the  cores  could  not  be 
broken  with  it.  It  is  exceedingly  delicate,  however,  and  so  is  fitted 
pre-eminently  for  testing  delicate  or  soft  core  mixtures  such  as  are 
used  in  aluminum  foundries  for  crucible  steel  work,  etc. 


Fig.  6    Box  or  Mold  used  for  making  Test  Cores  for  Tension  Test 


14  For  testing  cores  which  develop  greater  strength  the  device 
shown  in  Fig.  8  was  first  constructed.  This  consists  of  two  supports, 
the  tops  of  which  are  formed  ^vith  a  |-in.  radius,  giving  a  |-in. 
circle,  the  bearing  points  of  the  supports  being  exactly  12  in.  apart. 
A  1-in.  square  core  15  in.  long  is  made  in  the  core  box  shown  at 
the  bottom  of  Fig.  8,  and  the  core  then  laid  across  the  top  of 
the  supports  with  the  shackle  in  the  center  as  shown.  The  shackle 
is  located  by  means  of  the  piece  of  wood  shown  at  the  right  which 
has  a  notch  cut  in  it  so  that  when  the  shackle  bears  against  the  end 
of  the  stick  the  ^-in.  bolt  will  be  exactly  in  the  center  of  the  core 
being  tested.  A  pail  is  hung  from  the  shackle  and  shot  poured  into  it 
until  the  core  breaks.  The  shackle  is  then  dropped  into  the  pail  and 
the  pail,  shot,  and  shackle  weighed  on  a  spring  balance,  thus  giving 
the  weight  which  it  took  to  break  the  core. 
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15  It.  \v;is  fouiid  thai  considerable  care  had  (o  he  iakeii  to  coiuhict, 
the  testing  at  about  the  same  rate,  that  is,  to  pour  the  shot  at  about 
the  same  speed,  so  that  the  weight  would  come  on  to  the  core  uni- 
formly and  at  a  given  rate.  Where  the  shot  was  poured  very  slowly 
the  core  would  break  at  a  much  lower  figure  than  where  the  shot  was 
poured  rapidly. 

16  The  use  of  a  Fairbanks  cement  testing  machine  was  secured  at 
the  Industrial  Testing  Lalioratory  of  Cleveland  and  in  Buffalo  at  the 


Fig.  7    Ten.sion-Testing   Machine    used    in    Core    Experiments 


Buffalo  Testing  Laboratory.     Series  of  cores  were  broken  on  these 
machines  to  test  commercial  mixtures. 

17  The  author  believes  the  tension  test  to  be  the  fairest  compara- 
tive one  for  a  core  as  it  can  be  applied  more  uniformly  and  easily 
than  a  transverse  test.  Cores  are  also  more  delicate  when  tested  in 
tension,  and  develop  greater  strength,  and  small  errors  do  not  make 
as  great  a  relative  difference.  Core  mixtures  were  found  in  use  in 
foundries  the  tension  streng-ths  of  which  varied  from  less  than  3 
lb.  per  sq.  in.  to  150  lb.  per  sq.  in.,  and  apparently  this  wide  range  in 
strength  is  thoroughly  justifiable  to  meet  the  varying  needs  of  castings. 
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18  Baking  Equipment.  For  baking  the  cores  a  small  gas-fired 
oven  was  first  used,  which  could  be  kept  at  a  temperature  of  400  to 
410  deg.  without  difliculty.  When  larger  cores  were  made,  however, 
and  tests  of  mixtures  compared,  it  became  necessary  to  bake 
batches  of  considerable  size  at  a  time,  and  so  a  AVadsworth  portable 
core  oven  was  installed  as  shown  in  Fig.  9.  This  illustration  also 
shows  the  Bristol  recording  thermometers  attached  to  the  core  oven. 
One  of  the  thermometer  bulbs  was  placed  under  the  top  shelf  and  the 
other  at  the  top  of  the  bottom  shelf.  Three-quarter-inch  iron  pii)es 
were  carried  through  the  back  of  the  oven  so  that  the  thornionicter 
tubes  were  at  al^out  the  center  of  the  oven. 


Fig.  8    Device  for  Breaking  1-in.   sq.   Cores 


19  At  first  there  was  trouble  in  getting  the  required  temperature 
in  the  oven,  but  by  burning  anthracite  coal  no  further  difficulty  was 
experienced  in  maintaining  the  temperature  at  400  to  410  deg.  at 
either  thermometer.  In  ordinary  practice,  however,  when  the  vent 
at  the  top  of  the  oven  is  wide  open  there  is  a  difference  of  from 
30  to  40  deg.  between  the  two  thermometers  in  this  oven,  the  low(n- 
thermometer  being  the  hottest.  This  is  due  to  the  fact  that  the 
cores  on  the  upper  shelves  absorb  heat  and  that  the  lower  shelf  is 
directly  over  the  firebox.  The  lower  thermometer  at  times  is  there- 
fore affected  by  some  directly  radiated  heat,  and  this  would  also  affect 
any  cores  being  dried,  as  the  radiated  heat  would  strike  ihv  bottom 
of  the  core  plate  and  tend  to  dry  cores  from  the  bottom  up. 
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20  The  Bristol  tlieniioineters  attached  to  the  core  oven  in  Fig. 
9  have  also  been  used  in  testing  the  tem])eratur(>  in  otlier  ovens  in 
different  foundry  plants. 

21  Fineness  Tests.  To  determine  the  relative  proportion  of  the 
different  sized  sand  grains  in  a  given  core  sand  it  was  necessary  to 
conduct  fineness  tests.  This  was  done  with  a  set  of  Tyler  standard 
sieves,  of  20,  GO,  80,  and  100  mesh.     A  fineness  test  was  made  on  all 


Fig.  9    Wadsworth  Portable  Core  Oven  with  Bristol  Recording  Ther- 
mometers ATTACHED 

sands  tested  and  was  found  to  have  an  important  bearing  on  the 
results  that  could  be  obtained  with  any  given  sand. 

22  Other  tests  than  those  conducted  at  the  Covington  laboratory, 
as  well  as  microscopic  and  photographic  work  and  other  investiga- 
tions have  been  made  possible  by  the  assistance  of  various  firms  and 
individuals.  Several  of  these  to  whom  the  author  is  especially  in- 
debted, together  udth  firms  who  supplied  apparatus  for  the  labor- 
atory, are  mentioned  at  the  end  of  the  paper  and  to  them  the  author 
expresses  his  thanks  and  appreciation. 
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ACTION    ON    A    CORE    IN   THE    MOLD 

23  Introduction  of  Metal  into  a  Mold.  Before  proceeding  with 
a  discussion  of  the  subject  it  may  be  well  to  state  what  happens 
when  a  core  is  surrounded  with  metal.  The  action  is  shown  in 
Fig.  10,  which  represents  a  portion  of  a  cjdindrical  casting  in  the 
process  of  pouring,  at  a  point  where  the  mold  is  about  two-thirds 
full,  the  metal  rising  over  the  core.  Metal  enters  the  gate  at  the  left 
and  flows  to  the  bottom  of  the  opening  under  the  core. 


^■\\  Cope  : 


■"Cbijc. 


(■(irc        "^"^ 


J  liuniiid  (Jur< 

)  Molten  Metal  io  Center      4  • 
/        Crust  of  Solid  MelaK     '■' 


Fig.  10    Manner  in  which  a  Core  is  acted  upon  by  the  Metal  as  it  enters 

THE  Mold 


24  At  first  the  mold  is  full  of  air  and  the  moment  molten  metal 
enters,  this  air  becomes  highly  heated  and  expanded,  thus  instantly 
creating  a  pressure  in  the  mold.  The  inflowing  metal  must  not  only 
expel  a  volume  of  air  equal  to  the  volume  of  the  mold,  but  the  expan- 
sion of  the  air  greatly  increases  its  volume.  Then  also,  considerable 
steam  is  generated  as  the  metal  enters,  and  this  too  has  to  be  expelled. 
This  mass  of  air  and  steam  escapes  through  both  the  mold  and  the 
core  as  indicated  by  the  arrows  in  the  upper  portion  of  the  illustra- 
tion. As  the  metal  fills  the  mold  the  gas  pressure  on  the  inside  is 
relieved,  but  a  new  set  of  conditions  appears  which  demands  a  porous 
mold  and  core. 

25  If  the  metal  is  poured  at  the  proper  temperature,  a  skin  or 
crust  of  solid  metal  forms  almost  instantly  on  the  sides  of  the  mold 
and  the  core  (see  Fig.  10),  which  prevents  the  passage  of  air  or  gas 
from  the  core  or  mold  into  the  metal,  or  from  the  metal  into  the  sand. 
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At  first,  however,  the  skin  is  rather  flexible,  and  should  gas  be  gener- 
ated in  either  the  mold  or  the  core  more  rapidly  than  the  vent  can 
take  care  of  it,  it  may  blow  back  and  scab  the  casting. 

26  As  the  metal  rises  against  the  bottom  of  the  core  its  surfac^e 
is  burned.  As  a  core  is  dry,  no  steam  is  generated  during  this  oper- 
ation, but  the  hydrocarbon  compounds  in  the  core  binder  are  driven 
off  and  forced  through  the  core  toward  the  central  vent,  as  indicated 
by  the  arrows  in  Fig.  10. 

27  Gases  Formed  in  Cores.  As  long  as  air  is  present  in  the  mold 
or  core  all  forms  of  carbon  are  burned  or  oxidized  so  that  the  first 
gases  to  be  expelled  may  contain  carbon  dioxide.  As  it  becomes 
entirely  surrounded  with  metal  the  air  is  quickly  exhausted  and  from 
tliat  time  on  only  such  hydrocarbon  gases  as  can  be  distilled  off 
by  heat  are  expelled.  From  this  it  will  readily  be  seen  that  the 
volume  of  gas  generated  in  the  pouring  of  metal  around  any  core 
is  largely  determined  by  the  volume  of  volatile  hydrocarbons  which 
can  be  (hstilletl  from  the  core  binder. 

28  The  baking  temperature  to  which  tlu;  von)  is  subjected  will 
have  an  important  bearing  upon  this  subject.  Certain  binders  can 
be  baked  at  a  high  temperature  so  as  to  expel  most  of  the  volatile 
hydrocarbons  and  leave  little  but  solid  carbon  as  the  core  binder, 
but  where  this  is  done,  an  excess  of  binding  material  must  be  used, 
as  the  binding  power  of  the  hydrocarbon  compounds  is  largely  sacri- 
ficed. Then  too,  if  the  baking  is  continued  until  all  of  the  volatile 
hydrocarbons  are  driven  out,  the  volume  of  the  binder  is  changed  to 
such  an  extent  that  cracks  or  checks  will  generally  be  formed  in  the 
core.  The  ideal  binder  is  one  which  contains  sufficient  hydrocarbons 
to  give  a  strong  core,  but  it  must  not  give  off  during  pouring  gases 
which  are  injurious  or  even  trying  to  the  worlonen.  This  subject 
will  be  referred  to  later  under  binders. 

29  Refractory  Base  of  a  Core.  The  refractory  material  of  which 
the  core  is  composed  should  be  of  such  a  nature  that  it  conducts 
luiat  but  slowly,  so  that  the  rate  at  which  the  succeeding  layers  of 
hydrocarbon  are  distilled  ofi'  is  sufficiently  slow  to  enable  the  vent  to 
take  care  of  the  gases  as  they  are  formed. 

30  There  are  some  cases  in  which  it  is  advisable  to  increase  the 
conductivity  of  a  core  so  as  to  cause  it  to  act  as  a  chill  on  the  metal 
and  when  this  is  desired  the  binder  problem  is  still  further  complicated. 

31  After  the  metal  has  come  in  contact  with  the  core  and  com- 
menced to  burn  out  the  hydrocarbon  compounds,  there  should  still 
be  some  binding  properties  left  to  act  until  the  skin  of  metal  next 
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the  core  beconios  sufTicicutl}-  strong  to  resist  any  tendency  of  tlie 
molten  mass  of  metal  to  out  the  core. 

32  Where  metal  nuist  How  through  or  over  a  core  it  is  difficult 
to  i)revent  cuttino-  or  washing  l)y  using  ])onds  of  a  carl)onaceous  nature 
only.  C'lay  or  a  refractory  jxjnd  of  similar  nature;  has  to  ]h)  resorted 
to;  sometinu^s  the  surface  of  tlu;  cor(>  is  protected  by  silica  wash  or 
clay  and  backing  wash.  If  the  binder  is  present  in  the  core  in  suffi- 
cient quantity  to  leave  a  fairly  large  percentage  of  fixed  or  free  carbon, 
the  metal  is  not  liable  seriously  to  eat  into  or  burn  into  the  core. 
In  man}'  cases  this  condition  necessitates  the  use  of  higher  percentages 
of  binder  than  would  be  required  simply  to  furnish  the  necessary 
strength  in  the  core. 

DIVISIONS    OF   THE    SUBJECT 

33  To  avoid  complication  the  subject  is  divided  into  sections 
and  each  treated  separately.  The  sections  selected  are  as  follows: 
core-room  location  and  arrangement;  core  sands  and  core  binders; 
selection  and  compounding  of  core  materials;  core  ovens  and 
core  drying;  core  pasting,  core  handling  and  core  storage;  core 
machines  and  core-room  rigging. 

CORE   ROOM    LOCATION   AND    ARRANGEMENT 

34  The  location  and  area  of  the  core  room  are  of  more  importance 
in  the  production  of  castings  than  most  foundrymen  realize,  since 
the  modern  tendency  in  certain  classes  of  work  is  to  throw  an  ever 
increasing  responsibility  on  it,  and  some  complicated  castings  such 
as  air-cooled  automobile  cylinders  are  made  in  molds  that  are  com- 
posed entirely  of  cores.  The  definition  of  a  core  as  already  given  was 
•carefully  chosen  with  this  phase  of  the  subject  in  mind.  The  loca- 
tion depends  upon  several  factors :  the  size  of  the  individual  cores,  the 
number  of  pounds  of  cores  used  per  molder  per  day,  the  strength  of 
the  individual  cores  and  the  method  of  handling  the  cores  from  the 
core  room  to  the  molders. 

35  Core-Room  Area.  A  series  of  observations  of  the  proper  area 
of  the  core  room,  extending  over  about  fifteen  years,  has  shown  that 
the  core  room  varies  in  area  from  10  to  over  50  per  cent  of  the  molding 
floor.  This  includes  the  space  occupied  by  the  ovens  and  core  stor- 
age but  not  the  core  sand  storage.  In  very  heavy  grey  iron  work, 
such  as  large  Corliss  engine  cylinders,  heavy  machine-tool  castings, 
large  forging  machines,  etc.,  the  space  devoted  to  core  making  may 
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be  equal  to  at  least  60  per  cent  of  the  active  molding  floor  space,  but 
in  tills  kind  of  heavy  work  about  half  is  usually  inactive,  because 
heavy  castings  must  be  left  in  the  sand  several  days  to  cool,  hence  the 
area  as  compared  with  the  molding  floor  is  about  30  per  cent  of  the 
total. 

36  The  core-room  proportion  in  the  case  of  side  floorwork  in  a 
grey  iron  foundry  is  generally  much  less  because  many  of  the  molds 
require  no  cores  and  as  a  rule  the  floors  are  cleaned  each  day,  so  that 
the  entire  molding  area  is  continually  active  and  varies  from  10  to 
15  per  cent  of  the  area  of  the  side  floor. 

37  In  the  case  of  loam  work  frequently  only  a  very  small  number 
of  cores  are  used  which  are  not  made  on  the  loam  floors,  but  of  course 
when  loam  work  is  being  carried  on  drying  ovens  are  necessarj^  and 
the  entire  proposition  partakes  of  the  nature  of  a  core  problem. 

38  For  light  grey  iron  or  malleable  work  the  area  of  the  core 
room  depends  entirely  upon  the  character  of  the  product.  The  fact 
that  in  the  core  storage  the  cores  are  kept  on  shelves  one  above 
another  and  the  small  ones  are  dried  on  cars  having  several  shelves, 
tends  to  reduce  very  greatly  the  total  area  required.  The  cores  for 
a  given  mold  usually  take  up  much  less  space  than  the  mold  itself 
and  they  are  not  accompanied  by  flasks.  For  grey  iron  work  on 
automobile  castings,  including  cylinders,  the  core  department  will  have 
an  area  varying  from  40  to  60  per  cent  of  that  of  the  foundry.  In 
aluminum  work  for  automobiles  it  is  about  40  per  cent,  in  brass 
jobbing  shops  10  to  15  per  cent,  for  brass  fittings  20  to  25  per  cent, 
while  for  iron  fittings  it  takes  from  20  to  45  per  cent. 

39  The  core-storage  space  to  be  provided  is  also  important.  In 
the  case  of  jobbing  work  comparatively  little  room  is  necessary,  since 
the  cores  when  completed  are  usually  sent  to  the  molders'  floors. 
Where  a  line  of  standard  work  is  being  manufactured,  provision  should  • 
be  made  for  carrying  at  least  one-half  of  a  day's  supply  of  cores,  and 
where  night  ovens  are  used  for  baking  an  entire  day's  supply. 

40  Handling  Warm  Cores.  In  order  to  avoid  rehandling  whenever 
possible,  cores  should  be  sent  from  the  core-oven  trucks  to  the  molders 
without  placing  them  on  storage  shelves  as  this  involves  an  extra 
handling.  This  question,  however,  brings  up  the  advisability  of 
handling  cores  hot.  With  many  binders  under  such  conditions  more 
binder  will  have  to  be  used  than  if  they  are  allowed  to  cool. 

41  One  large  foundry  in  this  country  using  a  great  many  oil- 
sand  cores  changes  its  oil-sand  mixtures  at  about  3  p.m.  by  decreas- 
ing the  amount  of  binder  15  per  cent.     The  reason  for  this  is  that 
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the  cores  made  subsequently  will  he  run  out  of  the  core  oven  on  to 
the  plates  and  left  to  cool  over  night  before  they  are  handled,  so  that 
the  full  strength  of  the  binder  will  be  developed.  During  the  day 
they  are  ordinarily  taken  from  the  plates  hot  and  carried  to  themolders. 
In  many  cases  a  saving  of  15  per  cent  of  binder  would  more  than 
pay  for  the  rehandling  of  the  cores  and  tlui  placing  of  a  core  storage 
between  the  core  department  antl  the  foundry. 

42  Transportation  of  Cores.  Where  the  number  of  cores  used 
per  molder  is  so  great  that  the  weight  of  the  cores  delivered  to  each 
approximates  the  number  of  pounds  of  castings  turned  out  by  him 
per  day,  the  problem  of  transporting  the  cores  becomes  serious 
and  must  be  taken  into  consideration  in  locating  the  core  room.  In 
this  there  must  also  be  considered  the  element  of  breakage.  Every 
core  that  is  broken  represents  not  only  the  loss  of  the  sand  and  binder 
but  also  of  the  time  expended  in  making  it,  the  fuel  for  baking,  and 
other  labor  in  the  way  of  transportation.  Every  possible  precaution 
should  therefore  be  taken  to  reduce  this  item. 

43  If  the  cores  are  large  and  delicate,  such  as  tho§e  required  in 
aluminum  or  light  crucible  steel  castings,  they  must  give  way  readily 
before  the  shrinking  metal  and  should  be  handled  as  little  as  possible, 
hence  the  core  room  should  be  near  the  molders. 

44  If  the  cores  are  standard  and  sufficiently  hard  so  that  they  are 
handled  in  boxes  or  in  piles  on  boards  as  in  some  fitting  shops,  they 
will  stand  transportation  a  long  way,  and  here  it  will  pay  to  central- 
ize the  core  department,  equip  it  with  labor-saving  machinery,  and 
reduce  the  cost  to  a  minimum.  The  cores  can  then  be  distributed 
to  the  various  departments  without  fear  of  serious  loss  through  break- 
age. In  the  case  of  heavy  work  where  they  have  to  be  handled  with 
a  crane,  if  there  are  several  separate  bays  or  departments  it  is  fre- 
quently more  economical  to  provide  each  section  of  the  foundry  with 
its  own  core  room  and  to  arrange  it  so  that  the  main  traveling  cranes 
handle  them  from  the  core  oven  trucks  to  the  molds  at  one  operation. 

45  For  transporting  cores  about  the  foundry  we  have  platforms 
commonly  called  boats,  which  are  rectangular  in  shape,  made  of  plank, 
with  heavy  battens  on  the  back,  supported  at  four  corners  by  slings 
from  the  crane  hook.  The  cores  to  be  moved  are  piled  on  the  plat- 
form and  shifted  to  the  parts  of  the  foundry  where  they  are  to  be 
used.  For  handling  and  transporting  medium  or  fairly  heavy  cores 
a  device  of  this  kind  saves  rehandling  and  guards  against  breakage. 
It  also  does  away  Avith  confusion  in  the  gangway  due  in  many  plants 
to  carrying  of  cores  to  the  various  floors.     In  some  foundries  the  cores 
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are  carried  to  inolders  on  a  trolley  system  in  boxes  or  specially  pre- 
pared cages  supported  by  spiral  springs.  In  other  cases  spring 
trucks  running  on  the  gangway  floor  or  spring-sui)ported  platform 
cars  running  on  industrial  railways  are  used  for  the  purpose. 

•4G  In  the  case  of  medium  heavy  work,  cores  weighing  100  to  200 
lb.,  the  core-oven  truck  may  be  arranged  so  that  each  shelf  can  be 
lifted  off  b}'  the  travelling  crane  and  used  as  a  boat  to  carry 
the  cores  to  the  floor;  in  other  cases  the  entire  core  car  may  l)e  picked 
up  by  the  cranes  and  delivered  to  the  molders  floor. 

47  Ilmidling  Core  Sand.  As  the  core  sand  is  bulky  the  problem 
of  handling  it  assumes  considerable  prominence  in  most  plants,  and 
this  necessitates  the  location  of  the  core  room  in  such  a  position  that 
the  sand  can  be  delivered  from  the  railroad  cars  into  the  storage  ])ins 
with  the  least  amount  of  handling.  For  the  most  effective  work  the 
sand  should  be  as  dry  as  possible,  hence  it  should  be  put  into  storage  at 
a  dry  season  of  the  year,  and  at  least  a  nine  months'  supply  provided 
for.  Buying  the  sand  at  this  time  of  the  year  also  reduces  freight 
costs  by  eliminating  water  contained  in  the  sand  during  rainy  periods. 

48  To  sum  up  the  matter,  the  location  of  the  core  room  should 
b(;  such  as  to  minimize  the  handling  of  the  cores,  being  nearer  the 
molders  in  the  case  of  very  heavy  work  handled  by  the  main  cranes, 
or  in  cases  where  delicate  cores  are  used,  as  in  aluminum  or  light  cru- 
cible steel  work,  and  being  centralized  when  they  are  strong  enough  to 
stand  transportation. 

49  The  area  will  depend  upon  the  product,  and  a  fair  estimate 
may  be  obtained  by  taking  the  number  of  cores  required  per  man  per 
day,  and  estimating  the  number  of  cores  the  coremaker  will  make  per 
day,  thus  arriving  at  the  number  of  benches  required.  The  space 
occupied  by  coremakers'  benches  is  as  a  rule  about  35  to  40  per  cent 
of  the  total  core-room  space,  the  balance  being  taken  up  with  ovens 
and  storage  racks  for  green  and  dry  cores. 

CORE  SANDS  AND  CORE  BINDERS 

.")()  The  term  coi-e  sand  covers  awide  variety  of  maicrinls  adapted 
to  ditferent  classes  of  core  work  and  the  conditions  to  be  met  in  the 
core  room  n(!cessitate  the  use  of  a  number  of  grades  of,  sand  in  most 
core  rooms.  In  all  core  sands  the  principal  heat  resisting  element  is 
silica,  the  silica  grains  also  forming  what  may  be  termed  the  back  bone 
of  tiie  core.  Ordinary  molding  sand  rarely  contains  over  80  \nn-  cent 
silica,  tile  balance'  being  made  up  of  alumina,  oxide  of  iron,  and  other 
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impurities.  In  a  molding  sand  a  certain  percentage  of  clay  is  neces- 
sary to  form  the  bond.  They  may  be  divided  into  bondless  or  sharp 
sands  for  oil-sand  mixtures  or  cores  which  require  a  great  deal  of 
vent;  and  the  bontlctl  sands  and  gravels.  The  sharp  sands  contain 
from  97  to  98.5  per  cent  silica,  while  the  bonded  sands  contain  from 
97  to  less  than  90  per  cent. 

51  Proper  Condition  of  Bond  in  a  Core.  Since  a  core  nmst  be 
sufficiently  porous  to  vent  freely,  the  sand  composing  it  must  be  of 
such  a  nature  that  there  will  be  a  considerable  percentage  of  voids 
or  open  spaces  through  which  the  vent  may  escape.  In  any  core  the 
intlividual  grains  of  sands  must  be  bound  one  to  another  with  some 
material,  collected,  if  possible,  at  the  contact  points  thus  leaving  the 
spaces  between  free  for  vent  passages.  Anything  that  tends  to  roughen 
the  surface  of  the  grains  of  sand  in  the  passages  tends  to  retard 
the  vent. 

52  Form  of  Sand  Grains.  In  concrete  and  masonry  work  shar}) 
sand  is  desirable  on  account  of  the  fact  that  it  affords  a  better  grip 
for  the  cement  or  lime  in  the  mortar.  For  core  work  rounded  grains 
of  sand  are  the  best  because  they  give  a  maximum  of  vent  passages 
antl  larger  areas  at  the  contact  points  for  the  bonding  material  to 
act.  The  strongest  cores  that  the  writer  has  seen  used  in  practice 
were  made  from  oil-sand  mixtures  with  thoroughly  rounded  grains  of 
sand,  the  individual  grains  being  of  approximately  uniform  size. 

53  In  concrete  work  the  object  is  to  fill  all  the  voids  between  the 
particles  of  the  material  with  finer  stock,  so  that  the  final  product 
will  be  a  uniform  solid  mass.  In  making  cores  the  requirement  is 
radically  different,  as  it  is  desirable  to  have  the  greatest  possible 
number  of  fine  voids;  only  they  should  be  so  fine  that  the  metal  will 
not  tend  to  follow  or  flow  into  them.  This  necessitates  the  use  of 
different  sized  grains  in  the  core  sand  for  different  metals. 

54  Some  of  the  brass  and  bronze  mixtures  are  particularly  search- 
ing and  will  force  their  way  into  cores  where  iron  would  lie  smoothly 
on  the  surface.  There  are  two  reasons  for  this,  one  that  the  melting 
temperature  of  the  brass  and  bronze  alloys  is  lower  than  that  of  the 
iron  mixtures  and  hence  they  remain  fluid  for  a  longer  time  in  con- 
tact with  a  core;  and  the  other  that  the  iron  alloys  seem  to  be  more 
viscous  wlien  fluid  and  will  not  flow  into  as  sharp  corners  as  the  brass 
and  bronze  alloys. 

55  Aluminum  in  some  respects  b{;haves  like  iron  in  this  particular. 
Sand  mixtures  which  would  l)o  jxTfcH'tly  satisfactory  for  iron  or  steel 
or  for  aluminum  may  be  wholly  uusuited  for  brass  or  bronze.     A  brass 
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or  bronze  containing  considerable  phosphorus  is  particularly  search- 
ing in  its  action,  also  an  iron  containing  considerable  phosphorus  is 
more  fluid  than  other  mixtures  and  has  more  of  a  tendency  to  cut  into 
a  core.  From  this  it  will  be  seen  that  the  selection  of  a  particular 
grade  of  core  sand  must  depeid  to  a  considerable  extent  on  the  metal 
to  be  cast. 

56  Early  Day  Core  Practice.  In  the  earliest  foundry  practice  cores 
were  made  from  mixtures  containing  no  artificial  bonds.  A  sand  was 
chosen  containing  enough  clay  to  hold  the  grains  together  when  dry, 
and  if  this  showed  a  tendency  to  stick  to  the  casting  some  sawdust 
or  other  carbonaceous  material  was  added  to  the  mixture,  causing 
it  to  fall  to  pieces  next  to  the  casting  more  easily  and  clean  out  better. 
It  is  probable  that  the  first  artificial  core  binders  used  were  rye  and 
white  flour  and  pea  meal,  and  there  are  also  records  of  the  use  of  sour 
beer.  In  those  days  all  molds  were  thoroughly  dried  before  the  metal 
was  poured  into  them,  so  that  it  partook  of  the  nature  of  a  core.  To 
harden  and  strengthen  the  face  of  the  mold  or  core,  it  was  frequently 
sprinkled  with  sour  beer  or  molasses  water  and  then  dried.  When  the 
metal  came  in  contact  with  the  surface,  it  burned  out  the  carbon  of 
the  binding  material  used  at  the  surface  and  made  it  easy  to  clean  out 
the  core. 

57  American  and  Foreign  Practice.  In  America  demand  for  a  big 
output  and  cheap  castings  has  developed  a  number  of  lines  of  foundry 
practice  to  an  extent  not  found  in  any  other  country.  The  green 
sand  mold  is  more  universally  used  here  and  the  variety  of  core  binders 
exceeds  that  employed  in  any  other  country.  At  present  probably 
the  most  common  core  binder  used  abroad  is  what  is  known  as  core 
gum,  which  is  really  dextrine,  one  of  the  products  of  the  starch  indus- 
try. Pea  meal  is  also  used  abroad  to  a  considerable  extent  and  rye 
flour  and  linseed  oil  in  certain  foreign  countries.  America  has  been 
the  first  to  introduce  an  extensive  line  of  specially  prepared  binders. 

58  Kinds  of  Binders.  There  are  two  classes  of  binders  as  regards 
their  action  on  the  sand.  These  are  the  true  pastes,  which  do  not 
flow  to  the  contact  points  of  the  sand,  and  the  binders  that  flow  to  the 
contact  points  as  the  drying  and  baking  take  place.  All  binders  which 
act  as  a  paste  are  not  afi'ected  by  clay  in  the  sand.  This  is  also  true 
of  resin  and  pitch.  Binders  that  partake  of  the  nature  of  an  oil 
are  injured  and  in  some  cases  ruined  by  the  presence  of  clay  in  the 
sand.  The  advantages  of  sharp  sands  and  sands  of  uniform  sized 
grains  were  never  fully  appreciated  until  the  complicated  problems 
of  the  water-cooled  automobile  engine  cylinders  required  solution.    At 
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first  intricate  systems  of  mechanically  formed  vents  were  used,  but 
later  it  was  discovered  that  by  using  clear  silica  sands  and  oil  as  a 
binder  that  the  vent  would  find  ample  passage  in  the  spaces  between 
the  rounded  grains. 

59  Fitting  the  Binder  to  the  Sand.  In  selecting  the  core  sand  Jor 
any  given  location  the  problem  to  be  solved  is  the  finding  of  the 
cheapest  finished  core.  Cores  for  a  given  class  of  work  must  have  a 
given  strength  per  square  inch  and  must  disintegrate  when  the  metal 
is  poured  about  them,  so  as  to  permit  ample  opportunity  for  the  metal 
to  shrink.  Generally  in  producing  a  core  of  this  kind  a  number  of 
courses  arc  open.  A  local  bonded  sand  may  be  used  with  resin, 
flour,  dextrine,  black  compound,  glutrin,  or  molasses.  As  a  rule 
black  compound  or  pitch  cores  are  more  suited  for  heavy  work  than 
for  light.  For  small  work  greater  strength  per  square  inch  of  core 
is  generally  required  than  for  large  work,  and  for  great  strength  associ- 
ated with  free  venting  there  must  be  a  binder  that  will  hold  a  sharp 
sand  and  at  the  same  time  permit  the  free  circulation  of  the  escaping 
gases.  Flour  or  dextrine  tend  to  a  large  extent  to  stop  the  vent,  as 
do  also  the  black  compounds,  which  contain  dextrine  as  a  green 
binder.  This  calls  for  the  use  of  an  oil  mixture,  an  oil  and  glutrin 
mixture,  a  glutrin  and  clay  wash  mixture,  or  molasses. 

60  A  number  of  different  water  soluble  by-products  from  commer- 
cial processes  have  been  or  are  used  to  some  extent  as  core  binders. 
In  some  places  in  the  vicinity  of  rum  distilleries  a  product  known  as 
distillery  returns,  distillery  slop,  or  sour  beer,  is  used;  in  other  loca- 
tions sour  beer  from  breweries,  but  both  are  employed  only  in  limited 
localities  as  they  are  weak  adhesives  and  hence  not  good  binders. 

61  The  principal  objection  to  the  use  of  molasses  in  the  core  room 
is  the  fact  that  this  binder  is  not  uniform  in  its  adhesive  properties. 
First  fermentation  has  to  be  dealt  with.  To  test  its  effect  the  writer 
measured  out  a  quantity  of  molasses,  diluted  it  with  twice  its  volume 
of  water,  and  let  it  stand  in  a  crock.  The  specific  gravity  of  the  solu- 
tion was  taken  every  few  days  and  batches  of  cores  made  from  it 
were  tested  for  strength.  These  fell  off  rapidly  in  strength  as  the  fer- 
mentation proceeded,  losing  more  than  half,  and  at  the  sametime  the 
specific  gravity  constantly  decreased.  Foundrymen  have  been  known 
to  purchase  fermented  molasses  thinking  that  they  were  getting  a 
cheap  bond.  In  a  case  of  this  kind,  however,  one  has  no  knowledge 
of  the  actual  bonding  power. 

62  At  the  time  the  fermentation  experiment  was  made  on  molasses 
a  sample  of  glutrin  was  measured  out,  diluted  to  the  same  proportions, 
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:m(l  iillowed  to  stiind  in  ;i  (;ru(;k  next  to  the  molasses.  Cores  were 
made  from  it  eacli  time  that  cores  were  made  from  molasses.  Those 
from  glutrin  gradually  increased  in  strength  with  the  age  of  the  mix- 
ture, due  to  its  sloAv  concentration  by  evaporation.  The  molasses 
mixture  was  of  course  evai)orated  just  as  fast,  l)ut  the  comi:)osition 
Avas  changing  so  rapidly  from  fermentation  that  the  effect  of  evapor- 
ation did  not  show. 

63  Another  objection  to  molasses  is  the  fact  that  no  matter  how 
honest  the  dealer  or  how  free  from  fermentation  the  stock  may  be  at 
the  time  it  is  used,  its  bonding  power  must  depend  upon  the  source 
from  which  it  was  derived.  In  making  cane  sugar  the  plant  is  topped 
in  the  field  and  the  tops  are  thrown  away  because  the  juices  in  the 
upper  part  of  the  stalk  have  not  been  converted  into  sugar.  If 
the  stalks  are  topped  too  high,  a  large  i^roportion  of  the  juice  carrjdng 
no  sugar  enters  the  fluid  and  remains  in  the  molasses  after  the  sugar 
has  been  crystallized. 

64  As  the  molasses  is  the  residuum  of  the  sugar  process  it  must 
contain  all  its  impurities,  and  these  vary  with  the  source  of  material 
from  which  the  sugar  Avas  made,  the  method  of  work,  the  way  in 
which  the  cane  was  topped,  and  many  other  factors. 

65  The  only  other  water  soluble  bond  extensively  used  in  the 
foundry  is  glutrin,  a  by-product  of  paper  manufacture  by  the  sulphite 
])rocess.  The  sap  stored  in  the  cells  of  the  spruce  Avood  used  in  paper 
making  is  extracted  by  boiling  Avith  the  sulphite  solution  and  AA^ien 
treated  to  remove  certain  undesirable  elements,  and  concentrated, 
it  becomes  the  binder  loiOAvn  as  glutrin.  While  its  composition  is 
complex,  consisting  of  tamiins,  Avood  sugars  and  resin  in  soluble  form, 
it  is  a  product  uniform  in  composition  and  hence  in  binding  poAver, 
and  it  will  not  ferment. 

66  Use  of  the  Microscope.  It  has  been  found  that  a  microscopic 
examination  of  the  fracture  of  a  core  would  tell  much  as  to  its  venting 
jjroperties  and  the  efficiency  of  the  bond,  but  thus  far,  however,  it 
has  proved  impossible  to  produce  a  microphotograph  that  Avould 
shoAV  all  that  the  human  eye  could  see  in  examination  of  a  core, 
because  the  focal  depth  of  the  micrographic  lenses  is  exceedingly 
shallow,  so  that  Avhen  examining  cores  at  magnifications  of  60  or 
more  diameters  it  is  necessary  to  rack  the  objective  back  and  forth 
and  examine  the  top,  the  middle  and  the  bottom  of  a  grain  of  sand, 
thus  giving  a  clear  mental  picture  of  the  bonding  conditions.  A 
microphotograph  taken  in  the  ordinary  Avay  does  not  shoAV  this  as 
it  has  not  sufficient  depth  of  focus. 
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f  ()7  AcUun  of  Oil  in  Binding  Sands.  Oil  of  u  ])rop('r  grade  is  im- 
doubtedl}'  the  strongest  and,  weight  for  weight,  the  most  efficient 
binder  knoAm  when  dealing  with  clean  silica  grains.  In  the  paint 
trade  linseed  oil  is  considered  the  best  drjdng  oil,  and  it  is  also  the  best 
core  oil.  The  action  of  linseed  oil  in  bonding  a  core  is  as  follows: 
The  material  must  be  so  thoroughly  mixed  \nth  the  sand  that  every 
grain  is  uniformly  covered  with  oil  or  an  emulsion  of  oil  and  water. 
When  the  heat  of  the  core  oven  acts  on  the  sand  the  moisture  is  evap- 
orated and  driven  off.  As  the  moisture  passes  through  the  core 
toward  the  outside  the  oil  remains  behind  on  account  of  its  relatively 
high  viscosity  and  first  uniformly  coats  each  grain  of  sand.  By 
capillary  attraction  excess  of  oil  tends  to  accumulate  at  the  contact 
points  of  the  sand  grains  and  finally  dries  down  here  and  forms  an  area 
of  bond  somewhat  larger  than  the  contact  points.  The  heavier  the 
oil,  that  is  the  more  body  it  contains,  the  more  will  the  space  about 
the  contact  points  be  filleted  and  the  bonding  area  increased.  Most 
of  the  other  drjdng  oils  contain  less  body  than  linseed,  and  hence  do 
not  give  so  firm  a  bonding  mass  at  the  contact  points  as  is  the  case 
with  linseed.     All  oil-sand  mixtures  must  be  tempered  with  water. 

08  Action  of  Paste  in  Binding  sand.  The  radical  difference  be- 
tween the  bonding  of  sharp  sand  with  an  oil  and  Avith  flour  or  dextrine 
is  that  the  latter  forms  small  masses  or  grains  of  paste  which  dr}^ 
on  the  face  of  the  sand  grains.  These  do  not  flow  over  it  to  the  contact 
points,  but  dry  in  the  place  where  they  were  left  by  the  mixing 
machine.  For  this  reason  only  those  situated  at  the  contact  points 
become  efficient  as  a  binder.  A  microscopic  examination  of  a  flour 
or  dextrine-bound  core  shows  that  certainly  not  less  than  60  per  cent 
of  the  material  is  inactive  as  a  binder  and  is  located  in  such  a  way  that 
it  tends  to  block  the  vent  passages  by  giving  the  grains  of  sand  a  rough 
instead  of  the  smooth  varnished  surface  given  to  the  grains  by  oil. 

69  Action  of  Resin  and  Pitch  in  Binding  Sand.  Resin  and  pitch 
both  bond  sand  by  melting  and  floAving  over  or  between  the  grains, 
collecting  to  a  certain  extent  at  their  contact  points  as  the  core  cools, 
but  they  are  not  so  efficient  as  is  oil.  Resin  and  pitch  do  not  enter 
into  combination  with  clay,  but  their  binding  power  is  added  to  what- 
ever power  the  clay  may  have.  When  such  a  core  comes  in  contact 
with  the  molten  metal  in  the  mold,  the  carbon  material  of  the  resin  or 
pitch  is  burned  out,  which  disintegrates  the  core,  thus  making  it  possible 
to  clean  it  from  the  casting;  while  if  clay  or  natural  bond  alone 
were  depended  upon  the  bond  would  be  hardened  instead  of  softened, 
and  it  would  be  impossible  to  clean  it  :"rom  the  casting. 
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70  Actio7i  of  Molasses  in  Binding  Sand.  The  action  of  molasses 
in  a  core  depends  upon  the  rate  of  (h-ying  and  the  temperature. 
Under  ordinarj^  core-oven  conditions  where  cores  are  put  into  a  hot 
oven,  the  water  is  quickly  expelled  and  the  molasses  brought  to  the 
boiling  temperature.  When  it  reaches  the  consistency  of  ordinary 
molasses  candy,  it  boils  up  in  a  similar  manner  and  then  hardens  in 
thin  plates  connecting  the  sand  grains  with  a  more  or  less  intricate 
system,  and  with  the  carbon  exposed  in  exceedingly  thin  surfaces, 
though  of  course,  some  of  it  dries  at  the  contact  points.  If  the  core 
is  taken  from  the  oven  at  the  critical  point  just  as  these  plates  are  in 
their  strongest  condition,  it  will  be  found  to  be  strong  and  serviceable; 
but  if  taken  out  too  soon,  it  will  not  have  developed  sufficient  strength 
to  give  a  strong  core,  and  if  left  in  the  core  oven  a  little  too  long  the 
carbon  will  have  become  rapidly  oxidized  and  the  strength  of  the  core 
will  fall  off.  For  these  reasons  a  molasses  core  is  exceedingly  sensitive 
and  with  ordinary  existing  core-oven  conditions  it  is  practically  impos- 
sible to  produce  uniform  results. 

71  Action  of  Glutrin  in  Bi7iding  Core  Sand.  The  compounds 
contained  in  glutrin  are  of  such  a  nature  that  they  do  not  enter  into 
and  combine  with  clay  as  does  oil,  but  they  do  form  with  it  an  exceed- 
ingly efficient  emulsion  and  tend  to  carry  it  from  the  faces  of  the  sand 
to  the  contact  points.  In  drying,  glutrin  behaves  more  like  oil  in  that 
it  tends  to  flow  to  the  contact  points. 

72  In  sharp  sand  without  any  clay  bond  the  fact  that  glutrin 
lacks  the  viscosity  of  linseed  oil,  gives  it  a  tendency  to  follow  the  mois- 
ture to  the  surface  of  the  core.  In  a  mixture  of  clear  sharp  sand  a 
glutrin  core  will  tend  to  have  a  very  hard  skin  and  a  soft  interior.  This 
is  well  illustrated  in  the  microphotograph  shown  in  Fig.  11,  which  is 
a  core  made  with  clear  Rockaway  Beach  sand  and  glutrin  in  the  ratio 
of  1  part  of  glutrin  to  50  parts  of  sand.  The  glutrin  tended  to  sweat 
to  the  surface  of  the  core,  giving  a  hard  surface  as  shown  by  the 
darker  material  along  its  face.  The  main  body  of  the  sand  was 
bound  fairly  well  but  this  dense  layer  on  the  outer  surface  interferes 
with  the  escape  of  the  steam  from  the  interior  toward  the  latter  part 
of  the  drying  operations  and  may  result  in  an  imperfectly  dried  core. 
Attention  is  called,  however,  to  the  exceedingly  open  character  of  the 
core  itself. 

73  This  sweating  tendency  is  entirely  overcome  by  introducing 
from  ^  to  1  per  cent  of  clay  into  the  mixture,  the  clay  and  the  glutrin 
together  forming  a  compound  which  is  sufficiently  viscous  so  that  it 
draws  to  the  contact  points  rather  than  following  the  moisture  to 


HENRY   M.    LANE 


1225 


Fig.  11    RocKAWAY  Beach  Core  Compound  with  Glutrin  showing  Sweat- 
ing OF  THE  Binder  to  the  Surface  of  the  Core 
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Fig.  12    Oil-Sand  Core  for  Gas  Btovk  Burner 
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the  surface  of  the  core,  making  it  strong  and  at  the  same  time  one 
wliich  does  not  have  the  vent  ])assages  stopped.  Glutrin  can  also 
be  used  in  connection  with  oil  in  clear  sand  mixtures,  as  the  oil  prevents 
it  from  sweating  to  the  surface  of  the  core  and  the  combination  blends 
perfectly  to  form  an  efficient  bond  at  the  contact  points. 

74  Fig.  12  shows  a  microphotograph  of  a  section  of  an  oil-sand  core 
intended  for  gas  stove  fittings,  which  was  made  from  a  mixture  of  22 
parts  silica  sand,  three  parts  bank  sand,  and  a  commercial  or  blended 
oil  at  the  ratio  of  1  part  of  oil  to  25  parts  of  sand.  The  exceedingly 
oi)en  chracter  of  the  core  is  clearly  shown,  but  its  strength  is  about 
75  lb.  per  sq.  in.  in  tension.  A  core  of  this  kind  shows  absolutely  no 
tendency  for  the  binder  to  sweat  to  the  surface  and  as  the  sand  from 
which  the  core  is  made  is  fairly  uniform  in  size  there  is  a  maximum  of 
voids  or  open  spaces  for  vent  passages. 

75  Fig.  13  is  a  pitch  bound  core  intended  for  heavy  work.  The 
mixture  is  known  as  a  loam  mixture,  containing  Zanesville  loam  as  a 
base,  the  proportion  of  the  ingredients  being  as  follows:  12  parts  new 
Zanesville  loam,  14  parts  old  core  sand,  4  parts  pine  sawdust,  and  1 
part  ground  pitch.  This  firm  grinds  its  owai  pitch  and  mixes  no 
dextrine  Avitli  it,  grinding  it  fairly  coarse,  so  that  occasionally  fairly 
large  spots  show  in  the  fracture  of  the  core.  It  is  mixed  in  a  Standard 
Sand  and  Machine  Company's  l)atch  mixer  with  about  11  per  cent 
of  water  by  weight.  When  rammed  into  the  molds  it  has  some  green 
binding  power  due  to  the  excessive  amount  of  clay  in  the  Zanesville 
loam.  The  cores  are  dried  out  in  the  neighborhood  of  350  to  400 
deg.  in  large  ovens  which  are  fired  every  night.  The  shrinkage  of 
the  sawdust  and  the  driving  out  of  the  large  amount  of  water  gives  the 
core  considerable  vent.  The  pitch  and  loam  form  the  binders  and  as 
the  pitch  is  rather  coarsely  ground  some  of  it  becomes  active  when  the 
old  core  sand  is  introduced  into  the  mixture.  Probably  at  least 
50  per  cent  of  the  pitch  in  the  old  core  sand  still  possesses  binding 
power.  A  core  mixture  of  this  kind  would  only  show  a  strength  of 
10  or  12  lb.  per  sq.  in.  and  in  some  cases  not  over  6  or  7  lb.,  so  that 
the  cores  have  to  be  strengthened  by  the  use  of  rods  and  the  face  has 
to  be  protected  by  a  blacking  mixture. 

76  Another  core  of  very  close  composition  is  illustrated  in  Fig. 
14,  a  section  of  a  machine-made  core  intended  for  use  in  a  brass  foun- 
dry. The  mixture  consists  of  32  parts  of  Del  Ray  bank  sand,  32 
parts  of  Lake  sand  from  near  Buffalo,  8  parts  flour,  and  1  part  of 
oil,  and  is  temi)ere(l  witli  about  7  \)vv  cent  of  water  by  weight.  The 
shrinkage  ol'  the  flour  i)aste  togetlier  with  the  exi)elling  of  the  water 
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Fig.  13    Pitch-Bound  Core  with  Bonded  Molding  Sand  ^.Base  intended 

FOR  Heavy  Work 


Fig.  14    Machine-Made  Core  for  Brass-Foundry  Work 
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gives  the  core  more  vent  than  it  appears  to  have.  The  relatively 
fine  Del  Ray  bank  sand  serves  to  close  up  the  spaces  and  prevent  the 
brass  from  entering  the  core.  The  combined  flour  and  oil  bond 
burns  out  at  a  relatively  low  temperature,  allowing  the  core  to  crush 
before  the  metal  and  also  facilitating  the  cleaning  of  the  core. 

77  For  cast-iron  radiators  the  cores  must  have  a  great  strength 
and  at  the  same  time  vent  with  remarkable  freedom.  Many  radia- 
tor companies  are  using  relatively  coarse  sands  in  their  mixtures.  A 
microphotograph  of  a  section  of  radiator  core  made  from  a  coarse 
New  England  sand  is  shown  in  Fig.  15.  This  sand,  however,  carries 
a  good  deal  of  fine  material  with  it  which  with  the  oil  forms  a  net- 
work between  the  larger  grains  and  to  some  extent  stops  the  passages. 
The  percentage  of  small  material,  however,  is  not  sufficient  to  reduce 
the  vent  near  the  danger  point.  The  firm  using  this  grade  of  sand 
has  installed  a  mill  for  washing  the  old  sand  and  permitting  its  re-use 
in  the  cores. 

78  Fig.  16  shows  a  microphotograph  of  a  section  of  a  core  made 
entirely  from  the  washed  burned  sand.  The  finer  material  is  all  washed 
away  but  each  grain  of  sand  is  covered  with  a  layer  of  oil  so  that  when 
a  core  mixture  is  made  the  grains  are  primed,  as  it  were.  The  fact 
that  the  grains  already  have  an  oil  covering  and  that  there  is  no 
fine  material  in  the  washed  sand  to  absorb  oil,  has  made  it  possible 
to  produce  stronger  radiator  cores  from  washed  sand  with  the  same 
percentage  of  oil  that  is  used  in  the  new  sand  cores. 

79  The  core  shown  in  Fig.  17  is  made  from  gangway  sand  with 
glutrin  as  a  binder.  The  glutrin  sweated  to  the  surface  of  the  core, 
forming  a  hard  skin,  indicated  by  the  darker  area  near  the  outer 
edge  of  the  core.  The  interior  of  this  core  was  so  soft  that  it  would 
readily  crush  before  the  metal.  These  cores  were  used  to  form  fin- 
ished faces  for  bearings  in  agricultural  machinery,  the  cores  being- 
knocked  out  of  the  castings,  the  hole  cleaned  and  the  parts  assembled 
without  machining.  The  fact  that  the  glutrin  sweat  to  the  surface 
made  a  hard  close  surface  which  acted  almost  as  a  chill  and  produced 
a  remarkably  smooth  casting.  The  rotten  interior  gave  free  vent. 
At  another  plant  in  the  immediate  vicinity  some  cores  were  made 
from  the  same  sand  with  linseed  oil  as  a  binder  but  the  binding  ratio 
had  to  be  very  low,  that  is,  a  large  amount  of  oil  used  to  bind  a 
given  amount  of  sand.     This  was  also  true  in  the  case  of  the  glutrin. 

80  Reactions  between  the  Sand  and  the  Binder.  A  quantity  of 
gangway  sand  was  shipped  to  the  laboratory  at  Covington  and  to- 
gether with  other  sands  that  had  been  giving  trouble  in  different  ])arts 
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Fig.  15    Radiator  Core  made  from  New  Bank  Sand 

Showing  how  fine  material  holds  the  oil  on  the  ^.urface  of  the  pebbles  away  from  the  contact 
points  of  the  grains. 


Fig.  16    Radiator  Core  made  from  Burned  Sand 

This  sand  was  black  and    covered   with   charred   oil    (differing   from    that  in  Fig.  15)  which 
makes  the  core  appear  to  have  less  vent  than  that  shown  In  Fig.  15. 
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of  the  country  a  series  of  experiments  was  started.  From  the  behavior 
of  these  sands  it  was  evident  that  some  action  was  going  on  which 
destroyed  the  binder,  other  than  the  mere  absorption  of  it,  which  takes 
place  when  the  oil  unites  with  clay  and  is  rendered  inoperative. 

81  To  test  the  correctness  of  this  theory  a  batch  of  gangway  sand 
and  a  batch  of  Michigan  City  sand  were  measured  and  placed  in  two 
bottles.  As  glutrin  was  wholly  water  soluble  it  was  chosen  as 
a  binder.  Three  equal  batches  of  glutrin  were  diluted  with  a  given 
amount  of  water.     One  was  placed  on  the  Michigan  City  sand, 


Fig.  17     Core  made  from  Gangway  Sand  with  Glutrin  as  a  Binder,  show- 
ing THE  Sweating  of  the  Binder  to  the  Surface 


another  on  the  gangway  sand,  and  the  third  held  in  reserve.  After 
leaving  the  binder  several  hours  each  sand  was  leached  with  water 
until  all  the  binder  was  washed  out.  The  two  batches  of  glutrin  were 
then  concentrated  by  boiling  to  expel  the  excess  water.  They  were 
brought  to  the  same  volume  as  the  batch  held  in  reserve,  and  three 
sets  of  cores  made,  one  from  the  glutrin  which  had  been  on  the  gang- 
way sand,  one  from  that  which  had  been  on  the  Michigan  City  sand, 
and  the  third  from  that  which  had  not  been  on  any  sand. 

82     There  was  very  little  difference  in  the  strength  of  the  cores 
fi-oiii  the  second  and  third  batch,  but  the  cores  made  from  ili(!  glui-riu 
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which  had  been  on  the  gangway  sand  were  not  one-fourth  as  strong 
as  the  others,  showing  that  the  sand  had  destroyed  the  bonding  power 
of  the  gkitrin.  A  few  tests  soon  showed  that  it  was  alkaHne  and  the 
ad<htion  of  a  small  amount  of  acid  destroyed  the  alkalies. 

83  FoUoAving  up  this  clue,  two  batches  of  cores  were  made  from 
gangway  sand,  in  one  case  the  sand  having  been  treated  w4th  acid 
to  neutralize  the  alkalies  and  in  the  other  it  was  left  in  its  natural 
condition.  The  acidulated  sand  produced  cores  more  than  four 
times  as  strong  as  the  other  batch.  Continuing  the  investigation, 
experiments  were  made  by  treating  with  acids  a  number  of  sands 
giving  poor  results  with  different  binders  and  it  was  found  that  neu- 
tralizing the  alkalies  with  acids  increased  the  strength  of  the  cores 
greatly.     This  is  true  both  in  the  case  of  glutrin  and  oil. 

84  Since  these  experiments  the  subject  has  been  taken  up  with 
a  number  of  foundrymen  and  several  exceedingly  interesting  cases 
brought  to  light.  In  one  instance  a  foundry  was  purchasing  city 
water  of  a  very  pure  grade  at  a  relatively  high  cost.  To  avoid  this 
expense  an  artesian  well  was  sunk.  Immediately  trouble  appeared. 
The  cores  cut  and  washed  and  it  took  some  time  to  trace  the  difficulty. 
Finally  the  city  water  was  again  used  and  the  trouble  disappeared. 
The  water  from  this  well  was  clear,  sparkling  and  tasted  good,  but 
it  was  high  in  lithia  salts  and  evidently  contained  ingredients  whicli 
combined  with  the  binders  to  destroy  them. 

85  Alkalies  tend  to  saponify  oil,  thus  destroying  its  bonding  power. 
They  also  seem  to  act  on  resin,  glutrin,  and  some  other  binders.  In 
the  case  of  the  large  manufacturing  concerns  using  a  great  many 
oil-sand  cores  it  would  probably  pay  to  purify  the  water  for  the  core 
room  just  as  the  feed  water  is  purified  for  the  boilers. 

86  Determining  the  Active  Bond  in  Clay.  Formerly  when  a  chemist 
received  a  sample  of  sand  for  analysis  he  determined  the  alumina, 
figured  it  as  kaolin,  and  called  it  "bond."  From  various  results 
with  bonded  sands  it  became  evident  that  this  free  and  easy  method 
was  not  sufficient,  and  some  way  of  differentiating  between  a  fat  and 
a  lean  clay  had  to  be  found.  Several  firms  and  different  departments 
of  the  Government  were  making  use  of  a  test  for  colloidal  matter. 
Chemists  have  long  recognized  a  series  of  amorphous  bodies  known  as 
colloids,  or  as  one  noted  chemist  writing  in  popular  vein  recently 
says,  what  in  the  laboratory  are  called  ''messes." 

87  When  matter  is  in  one  of  the  colloidal  forms  it  has  intimately 
associated  with  it  a  large  amount  of  water,  forming  what  is  termed 
a  "gel."     The  soluble  colloids  are  called  "sols."     Certain  clays  are 
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far  more  plastic  and  have  greater  binding  powers  than  others,  and  it 
has  always  been  known  that  heat  destroyed  this  binding  power.  It 
is  now  certain  that  in  these  clays  at  least  a  portion  of  the  alumina 
is  in  the  colloidal  form.  For  decades  the  best  clays  have  been  found 
in  the  secondary  deposits  where  they  had  been  associated  with  organic 
matter,  but  these  properties  have  been  found  even  in  the  old  fire- 
clays of  the  coal  measures.  When  first  exposed  these  are  in  a  com- 
l)act  form  much  of  the  water  having  been  expressed  or  driven  out  by 
pressure,  and  when  exposed  to  the  weather  they  absorb  moisture. 

88  A  splendid  example  of  colloidal  clay  is  found  in  the  Mississippi 
River.  The  Ohio  and  the  upper  Mississippi  both  flow  through  old 
rock  formations  while  the  Missouri  and  particularly  the  north  and 
south  branches  of  the  Platte  flow  through  more  recent  geological 
formations.  These  formations  are  rich  in  a  highly  colloidal  clay, 
which  when  it  comes  into  suspension  in  water  remains  indefinitel3^ 
Engineers  had  long  puzzled  over  the  fact  that  the  water  at  the  mouth 
of  the  Mississippi  became  clear  as  soon  as  it  left  the  mouth  of  the  river, 
but  the  explanation  is  exceedingly  simple.  The  salt  water  of  the 
sea  destroys  the  colloids  and  allows  the  mineral  matter  to  settle 
rapidly.  Those  familiar  with  the  old  Mississippi  steamboat  days 
will  recall  that  the  water  supply  for  those  boats  was  obtained  by  pump- 
ing the  muddy  water  into  tanks  and  introducing  a  little  alum.  The 
colloids  were  thus  destroyed  and  the  mud  quickly  settled. 

89  The  only  test  for  colloids  of  which  there  is  any  record  is  the 
one  used  by  several  departments  of  the  Government  and  a  number  of 
firms  in  this  country,  and  is  founded  on  experiments  carried  on  in 
Germany. 

90  The  aniline  dye  known  as  malachite  green  is  used  for  this 
purpose.  A  given  amount  of  malachite  green  is  weighed  out  and 
dissolved  in  400  or  500  cu.  cm.  of  water.  Into  this  from  10  to  20  grams 
of  the  sand  or  clay  to  be  examined  is  introduced  and  the  whole  is 
shaken  in  a  shaking  machine  for  an  hour.  The  bottle  containing  the 
material  is  then  taken  out  and  the  solid  matter  allowed  to  settle  to 
the  bottom.  A  portion  of  the  liquid  above  the  solid  matter  is  drawn 
off,  placed  in  a  color  tube,  and  compared  with  the  dye  diluted  with  the 
same  amount  of  water  which  was  used  in  making  the  original  solution. 

91  The  amount  of  dye  absorbed  by  the  colloidal  matter  in  the 
sand  indicates  the  bond  present  in  the  sand.  Table  1  shows  a  series 
of  colloidal  readings  on  a  group  of  sands  examined  under  the  direc- 
tion of  th(!  author.  A  sample  of  kaolin  was  taken  as  100  per  cent, 
and  other  sands  were  compared  by  the  amount  of  dye  they  would 
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absorb.     A  number  of  clays  have  sinco  been  found  tliat  run  (^onsidcM-- 
ably  over  100  per  cent. 

92  This  scale  has  served  to  compare  the  different  sands  in  the 
laboratory  but  before  a  method  of  this  kind  becomes  general  through- 
out the  country  some  standard  should  be  fixed.  The  readings  given 
in  the  table  represent  only  a  small  portion  of  the  determinations 
made.  It  will  be  noted  that  the  materials  may  be  grouped  into  three 
classes.  The  first  three  samples  tested  represent  washed  silica  sands 
with  approximately  the  same  colloidal  reading;  the  next  five  represent 
beach  or  lake  sands  from  the  shores  of  the  Great  Lakes.  All  of  these 
are  wind  driven  sands  with  about  the  same  colloidal  readnig.     These 

TABLE  1    COLLOIDAL  READING  ON  SANDS 

Name  ^°"d 

No. 

Washed  silica  core  sand,  Bethlehem,   Pa 2. 17 

Washed  Ottawa  silica  sand,  Ottawa,  111.   .   2.30 

Silica  sand,  Derby,  England 2.50 

Sharp  sand,  Faribault,  Minn .5 .  02 

Core  sand,  Sauk  Center.  Minn 5.21 

Michigan  City  core  sand 5.27 

Crystal  Beach  lake  sand,  Buffalo,  N.  Y 5.30 

Beach  sand.  Buffalo  Am.  Rad.  Co 5.43 

Cere  sand,  Falkirk,  England 10.66 

Core  sand,  Falkirk,  England 10.81 

Manistee  lake  sand,  Hint;  Mich. 10.70 

Old  molding  sand,  Faribault,  Minn 10.80 

Silica  core  sand,  Duquesne  Steel  Fdy.  Co 10.84 

Mansfield  core  sand,  Birmingham,  England 15.38 

Bank  sand,  Rochester,  Mich 21 .  63 

New  molding  sand^  Faribault,  Minn 32.60 

Gangway  sand,  Moline,  111 43 .  50 

Lumberton  sand;  Hainesport,  N.  J 53.43 

Kaolin,  Eimer  and  Amend 107 .  60 

are  followed  by  five  core  sands  which  would  ordinarily  be  considered 
as  fairly  sharp. 

93  The  first  two  are  English  core  sands;  the  third  is  the  Manistee 
sand  as  used  at  Flint  and  Detroit,  Mich.  The  reading  on  the  old 
molding  sand  given  fourth  is  not  to  be  depended  upon  for  its  original 
colloidal  reading,  since  the  use  of  a  sand  always  changes  the  colloidal 
content,  the  colloids  themselves  being  usually  destroyed.  Burnt 
sand,  however,  generally  contains  material  which  will  destroy  the 
dye  and  so  give  an  apparent  colloidal  reading.  The  old  molding  sand 
really  had  very  little  bond,  though  the  colloidal  or  dye  reading  would 
place  it  in  a  class  having  a  fair  amount.     Another  case  of  a  burnt 
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sand  is  given  near  tlie  liotloin  of  the  table,  this  l)cinp;  the  same  gang- 
way sand  from  Moline,  III.,  with  which  tlu;  tests  in  acidulated  sand 
were  first  carried  on.  There  was  absolutely  no  colloidal  matter  in 
this  sand.  This  and  other  tests  led  to  the  belief  that  the  dye  reading 
was  to  be  depended  upon  when  applied  to  new  sands  in  the  condition 
in  which  they  are  dug,  but  does  not  apply  to  material  which  has  been 
exposed  to  molten  metal.  The  very  high  colloidal  reading  of  Lum- 
berton  sand  is  to  be  expected,  as  this  contains  a  very  large  percentage 
of  clay. 

94  The  behavior  of  many  of  the  sands  tested  when  made  into 
oil-sand  cores  showed  very  conclusively  that  the  dye  test  gives  a 
good  idea  as  to  the  amount  of  oil  which  would  be  destroyed  by  the 
sand.  Apparently  the  dye  reading  gives  not  only  the  colloidal  matter 
which  will  destroy  the  oil,  but  in  the  case  of  old  or  burnt  sands  gives 
a  fair  indication  of  the  amount  of  alkali  or  other  material  present 
which  would  destroy  the  oil.  This  was  noted  in  connection  with 
the  gangway  sand  from  Moline.  Further  tests  will  be  made  along  the 
line  of  examining  sands  and  studying  the  relationship  between  the 
natural  bonding  power  and  the  colloidal  reading  as  given  by  the  dye 
tests.     Thus  far  this  seems  to  be  the  best  test  found. 

95  Action  of  other  Binders  on  Oil.  When  an  oil  is  used  as  a  bond  it 
is  not  only  destroyed  by  any  clay  or  colloidal  matter  present  but  may 
also  be  destroyed  by  other  ingredients  used  as  binders.  Where  green 
strength  is  required  in  a  core,  foundrymen  frequently  introduce 
flour  or  dextrine  into  oil-sand  mixtures.  The  oil  first  combines  with 
the  flour  to  form  an  oil-flour  paste  which  has  very  little  bonding  power, 
but  when  so  held  it  is  not  in  a  position  to  act  as  a  binder  between  the 
sand  grains.  In  consequence  what  happens  in  a  mixture  of  this  kind 
is  that  a  portion  of  the  oil  unites  with  the  flour  and  is  itself  destroyed 
for  binding  purposes.  At  the  same  time  it  renders  the  flour  less 
efficient  than  it  would  be  had  it  been  mixed  with  water.  The  balance 
of  the  oil  can  act  in  its  usual  manner  between  the  sand  grains. 

96  Testing  Binding  Power  of  Liquid  Binders.  The  final  Ijinding 
power  of  any  compound  is  measured  by  the  solid  bond  left  in  the 
baked  core.  Paint  chemists  test  their  oils  by  drying  them  down,  to  a 
film  and  seeing  what  percentage  of  weight  has  been  lost  in  this  action. 
In  the  case  of  Table  2  the  binders  shown  in  the  column  at  the  left 
were  each  weighed  out  into  porcelain  crucibles  and  first  placed  in  an 
air  bath  and  subjected  to  a  temperature  of  100  deg.  cent,  or  212  deg. 
fahr.  for  24  hours  and  then  weighed.  These  results  are  entered  in  the 
second  column.     The  crucibles  were  next  placed  in  the  core  oven  at 
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a  temperature  of  400  deg.  for  1  hour  and  again  weighed  and  the 
results  indicated  in  cohimn  three.  Some  of  the  crucibles  were  then 
returned  to  the  core  oven  for  another  liour,  exposed  to  a  heat  of  410 
deg.,  cooled,  and  again  weighed  and  the  results  recorded  in  the  fourth 
column.  The  samples  were  then  all  heated  in  the  air  over  a  blast 
lamp  to  burn  off  the  carbon,  and  the  percentage  of  ash  is  recorded  in 
the  fifth  column. 

TABLE  2    DETERMINATION  OF  SOLIDS  IN  LIQUID  CORE  BINDERS 


Name 


I   Dried    24         Dried  1         Dried  1    i 

iHours  at  212  Hour  at  400  Hour  at  410j 

Deg.  Fahr.    Deg.  Fahr.  Deg.  Fahr.l 


Glutrln 51 .47 

Raw  Unseed  oil 100. 22 

Boiled  linseed  oil 93.49 

Soya  bean  oil 100. 9i 

Flsholl 100.52 

Paraffin  oU 72.05 

Cornoll 100.72 

Cottonseed  oil 100.68 

Light  tar  oil 31. 18 

Heavy  tar  oil 67. 21 

Resin  oil 62 .  89 

Crude  tar  oil 51.83 

Resin  oil 63.64 

China  wood  oil 102.20 


41.98 
96.98 
90.23 
96.45 
92.70 
33.36 
95.35 

96.08 
11.65 
38.27 

19.59 

34.32 

10.12 
98.75 


95.22 


94.26 
91.25 
10.40 
93.12 

94.10 


Burned  to 
Ash 


8.03 
0.22 
0.54 
0.65 
1.20 
0.11 
0.42 

0.07 
0.09 
0.06 

0.06 

0.06 

0.03 
0.03 


Remarks 


Skm 
No  skin 
Skin 
No  skin 
No  skin 
No  .skin 
No  skin; 

craw  led 
No  skin 
Slick  crawled 
No  skin ; 

crawled 
No  skin; 

crawled 
No  skin; 

crawled 

very  much 
No  skin  ; 

crawled 
Skm 


97  Under  the  head  of  Remarks  a  statement  is  given  as  to  the 
behavior  of  the  liquid.  Most  of  it  dried  down  to  a  skin.  The  first 
exception  to  this  was  raw  linseed  oil,  and  the  reason  was  that  even 
Avhen  painted  as  a  film  on  wood  it  takes  at  least  4  days  for  it  to 
dry.  There  was  evidently  not  a  sufficiently  free  admission  of  air  in 
the  oven  to  dry  down  the  bulk  of  oil  in  the  crucible. 

98  Drying  of  Raiv  Linseed  Oil.  The  appearance  of  the  sample  of 
raw  Unseed  oil  after  it  had  been  in  the  core  oven  1  hour  at  400  deg. 
is  shown  in  Fig.  18.  Had  this  oil  been  evenly  distributed  through  a 
body  of  sand  there  would  have  been  sufficient  circulation  through  the 
body  of  sand  completely  to  oxidize  it.  These  tests,  however,  show 
that  while  raw,  linseed  oil  is  one  of  the  strongest  binding  oils  we  have; 
it  is  nevertheless  a  very  slow  drying  oil,  and  hence  pure  linseed  oil 
cores  would  probably  take  longer  to  dry  than  those  made  from  other 
oils. 
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Fig.  18    Raw  Linseed  Oil  Tested  for  Drying  Qualities 


Fig.  19    China  Wood  Oil  tested  for  Drying  Qualities 
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i)9  Drying  China  Wood  Oil.  The  appearance  of  the  surface  of  the 
skm  in  the  case  of  son^e  of  the  oils  after  test  No.  2  is  interesting.  Fig. 
19  shows  the  China  wood  oil  made  from  the  tung  nut  which  grows  in 
China.  This  is  a  relatively  new  oil  in  this  country,  and  partakes  at 
once  of  the  nature  of  an  oil  and  a  varnish  gum,  hcnng  to  some  extent 
a  natural  varnish.  It  contains  its  own  driers,  so  that  it  dries  down 
fairly  readily.  It  will  be  noticed  under  the  tests  in  the  second  column 
that  China  wood  oil  gained  2.2  per  cent  in  weight  by  oxidation  when 
exposed  to  a  temperature  of  212  deg.  fahr.  Several  of  the  oils  gained 
slightly,  but  China  wood  oil  leads  them  all  in  this  respect.  It  also 
showed  the  greatest  percentage  of  weight  after  one  hour  in  the  core 
oven  and  the  fihn  was  strong  and  tough.  When  tested  as  a  binding 
oil  it  gave  excellent  results. 

100  Drying  of  Light  Tar  Oil.  The  light  tar  and  a  number  of  similar 
oils  crawled  up  the  face  of  the  crucible  and  dried  down  to  a  hard  glazed 
film.  The  crucible  containing  the  light  tar  oil  as  photographed  after 
the  test  recorded  in  column  2  is  shown  in  Fig  20.  This  oil  had  left 
only  11.65  per  cent  of  its  original  weight  as  a  bonding  medium. 
Such  oils  are  used  as  blending  oils  in  liquid  core  compounds. 

101  Drying  of  Boiled  Linseed  oil.  The  boiled  linseed  oil  dried  down 
to  a  film  in  the  air  bath  as  would  be  expected,  on  account  of  the  fact 
that  it  contains  artificial  driers.  The  appearance  of  the  film  of  the 
l)oiled  oil  after  the  test  recorded  in  column  3  is  shoAvn  in  Fig.  21. 
Formerly  the  term,  boiled  oil,  meant  linseed  oil  which  had  been  boiled 
in  open  kettles  exposed  to  the  air  so  as  partially  to  oxidize  it  and  cer- 
tain mineral  oxides  were  added  to  it.  Such  oil  when  used  for  mixing 
paints  dried  down  to  a  film  much  more  rapidly  than  raw  oil.  Today 
practically  all  of  the  boiled  oil  on  the  market  is  a  compound  which 
has  been  heated  to  a  certain  temperature  below  that  of  the  boiling 
point  of  linseed  oil  and  had  various  so-called  driers  added  to  it, 
which  chemists  call  catalysts.  That  is,  they  are  in  this  case  bodies 
having  the  property  of  taking  oxygen  from  the  air  and  delivering  it 
to  the  oil  to  hasten  its  oxidation  or  drying.  The  boiling  of  linseed 
oil  in  a  kettle  or  the  making  of  so-called  boiled  oil  by  adding  driers 
hastens  its  setting  or  drying  by  partially  oxidizing  the  material. 
Hence  a  lower  ultimate  bonding  power  would  be  expected  from  such 
an  oil,  and  results  seem  to  show  that  this  is  true.  For  this  reason, 
when  considered  purely  from  the  standpoint  of  an  efiicient  bond  a 
raw  oil  is  better  than  a  boiled  one. 

102  Effect  of  a  Sticky  Oil  on  Piecework.  The  author  ran  across  an 
interesting  condition  where  the  pieceworkers  in  a  core  room  claimed 
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Fig.  20    Light  Tar  Oil  tested  for  Drying  Qualities 


Fig.  21     Boiled  Linseed  Oil  tested'  for  Drying  Qualities 
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that  they  could  not  make  a  good  output  when  using  raw  oil,  since  it 
gummed  the  boxes  more  rapidly  than  boiled  oil.  The  chemist  in 
charge  stated  the  reason  was  that  the  raw  oil  contained  mucilagi- 
nous "  foots"  which  had  been  taken  out  of  the  boiled  oil.  Several  oil 
chemists  claim  that  in  the  modern  process  of  boiling  oil  everything  in 
the  raw  oil  is  to  be  found  in  the  boiled  oil,  but  that  the  mucilaginous 
material  may  be  partially  eliminated  by  combining  it  with  driers. 

103  Linseed  Oil  "Foots."  Practically  all  linseed  oil  is  now  made 
by  the  hot  pressing  process,  and  as  it  comes  from  the  press  contains 
some  exceedingly  fine  meal,  which  settles  to  the  bottom  of  the  oil 
storage  tanks  and  is  known  as  foots.  After  the  clear  oil  has  been 
drawn  off  that  at  the  bottom  containing  the  foots  is  used  as  a  core 
oil  by  many  foundrymen.  It  has  high  binding  power  but  tends  to 
stick  to  the  boxes. 

104  Com-parison  of  Molasses  and  Glutrin  Films.  Before  leaving 
the  subject  of  the  tests  made  to  determine  the  amount  of  binding 
power  in  the  various  materials,  it  may  be  well  to  illustrate  the  films 
left  by  glutrin  and  molasses.  Fig.  22  shows  the  glutrin  film  which 
dried  down  to  a  compact  mass  very  much  Uke  the  oils.  This  explains 
why  glutrin  cores  do  not  swell  in  baking,  but  retain  their  size  and 
shape  so  that  the  baked  core  if  it  has  been  properly  supported  during 
baking  can  be  returned  to  the  box  after  drying  and  will  fit  perfectly. 
Fig.  23  shows  the  film  left  by  molasses.  The  liquid  boiled  to  the  top 
of  the  crucible  forming  a  rough  mass  composed  of  bubbles.  This  is 
why  molasses  cores  are  frequently  distorted  during  baking. 

105  Fineness  Tests  on  Sands.  It  has  already  been  stated  that  the 
size  of  the  grains  of  sand  should  be  as  uniform  as  possible  if  the  core 
is  to  have  the  maximum  amount  of  venting  space.  The  various 
sands  examined  were  all  tested  for  fineness  and  the  results  given  in 
Table  3.  The  amount  recorded  in  each  column  is  that  which  remained 
on  the  sieve  of  the  size  given  at  the  top  of  the  column.  The  percent- 
age of  material  passing  through  the  100-mesh  sieve  is  recorded  in 
the  column  headed,  100  +. 

106  The  fineness  number  given  in  the  righthand  column  is  arbi- 
trary, and  is  intended  for  the  comparison  of  different  sands.  It  was 
reached  in  the  following  manner:  The  percentage  which  remained 
on  each  sieve  is  multiplied  by  the  number  of  the  sieve  through  which 
it  passed,  with  the  exception  of  that  which  remained  on  No.  20. 
This  is  also  multiplied  by  20  so  as  not  to  introduce  a  great  error. 
These  products  are  all  added  and  divided  by  the  amount  of  sand 
taken  which  gives  tiio  fineness  number. 
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Fig.  22    Glutrin  dried  down  to  a  Film,  showing  No  Swelling 


Fk;.  2;J     AIola.ssks  duikd  down  to  a  Film,  show  inc  how  it  swelled  to  fill 
THE  Entire  Cruciule 
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TABLE  3    FINENESS  TEST 


Sand 


20  40        CO 

New  EiighindlKink 3.7  11  (i  17 

Rockawuy  Beach 0.7  14.5  46 

Michigan  City  core 0.5  9.8  41.5 

Coarse  bank,  Clevehxnd 0.3  59 . 0  22 . 3 

Clay,  Cleveland 2.8  30  11.0 

Washed  silica  core 0.1  1.7  30.7 

Lake  Manistee,  Mich 0.2  4.3      9.8 

Bank,  Rochester,  Mich 0.1  45.7  50.2 

Strawbridge,  England 2.0  16.5      9.6 

Mansfield,  England 0.3  10.1  10.3 

Burnt,  Mansfield,  England 0.1  6.3      7.2 

Gangway,  Moline,  111 1.8  7.9  10  9 

Core,  Pittsburgh,  Pa 5.3  42.6  37.0 

Bank,  Buffalo,  N.Y 3.1  32.0  38.5 

Lake,  Buffalo,  N.  Y 0.1  12.6  33.7 

Core,  Buffalo,  N.  Y 6.3  71.8  20.1 

Falkirk,  England 7.6  32.3  32.5 

Core,  Faribault,  Minn 0.2  2.5  38.2 

Silica,  Ottawa,  111 0.1  72.8  21.6 

Derby,  England 2.5  8.3  46.5 

Lumberton,  Philadelphia,  Pa 9.0  34.5  24.1 

Core,  Zanesville,  0 6.0  44.0      2.7 

Molding,  Zanesville,  0 41.1  31.5  15.2 

Molding,  Zanesville,  0 0.6  1.2      0.4 

Washed  silica,  Millington.  Ill 0.1  56.7  23.8 

Magnesia,  Millington,  III 4.3  48.6  20.7 

Core,  Sauk  Center, ]Minn 2.4  6.0  19.2 

Lumen  Bearing  Co. 's  lake 0.1  4.35  19.1 

Delray  bank,  Detroit,  Midi 1.5  0.55    5.1 

Dolly  Ann,  Covington,  Va '.).4  32.6  26.9 

Providence  River 0.5  2.2      6.5 

Rockaway  Beach 0.1  8.7  34.6 

Indiana  bank 0.1  6.6  44.8 

Magnesia  core,  Millington,  111 0.1  46.1  25.2 

Yellow,  sharp 0.1  30.5  48.5 

Bank,  Cleveland,  0 12.7  26.4  27.3 

Light  molding,  Cleveland,  0 13  8  25.5      9.2 

Travers  City,  Mich 2.0  38.4  42.3 

Silica  dust 0.7  1.2  14.1 

Sugar,  Cleveland,  0 17.1  36.2  23.2 

Delray  bank,  Delray,  Mich    0.2  0.9      5.3 

Gravel,  Cleveland,  O  31.5  24.3  14.2 

Bank,  Cleveland,  0 6.0  10.8  14.8 

Gravel,  Cleveland,  0 41.8  32.1  20.5 

Sand  blast,  Cleveland, 0 2.2  7.9  12.6 

Silica,  Cleveland,  0 1.4  5.5  17.7 


le.sh 

FlnoDess 
Number 

SO 

100 

100 1 

11.6 

13.7 

40.0 

08 

23.5 

11 

2.7 

47 

35.75 

9.55 

1.8 

50 

5.0 

2.6 

3.1 

30 

4.9 

10.3 

41.7 

64 

38.0 

22.3 

6.7 

eo 

12.3 

12.4 

eo.7 

83 

3.3 

0.1 

0.9 

32 

10.2 

22.7 

40.0 

72 

10.6 

23.7 

42.5 

74 

10.7 

27.9 

43.6 

77 

9.6 

12.5 

55.7 

78 

5.1 

4.4 

5.0 

27 

11.8 

5.2 

8.2 

42 

24.4  . 

21.0 

7.3 

55 

0.8 

1.0 

0.1 

25 

12.9 

7.7 

5.0 

40 

33.4 

17.6 

7.1 

57 

3.1 

0.8 

0.7 

20 

27.3 

10.5 

3.1 

49 

9.1 

12.6 

9.1 

41 

9.1 

15.4 

20.0 

49 

3.3 

1.7 

6.5 

30 

0.3 

1.1 

95.1 

97 

6.5 

5.7 

6.7 

36 

5.8 

6.8 

13.4 

41 

19.5 

17.5 

33.9 

69 

34.05 

31.2 

10.75 

58 

5.75 

21 .  15 

55.05 

76 

16.2 

6.9 

6.8 

41 

6.5 

13.5 

69.8 

88 

36.7 

14.2 

5.1 

54 

33.6 

12.0 

1.6 

50 

7.2 

1.2 

19.3 

44 

13.9 

2.1 

3.6 

39 

7.2 

6.0 

20.2 

48 

4.5 

3.8 

42.0 

59 

9  2 

3.5 

3.2 

36 

10  3 

9.9 

62.3 

82 

11.5 

5.3 

5.5 

37 

10.5 

25.1 

57.1 

86 

6.2 

7.2 

15.4 

42 

11.1 

21.1 

34.4 

67 

3.3 

0.2 

1.0 

26 

9.8 

13.5 

52.8 

76 

7.8 

19.8 

57.0 

86 
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TABLE  3    FINENESS  TEST— Con. 

Fineness 
Numher 


Sand  Mesh 


Silica,  Cleveland,  0 3.8  37.8  40.4  10.3  4.2  2.4  36 

Sharp,  Cleveland,  0 2.6  5.6  29.3  39.1  19.8  3.5  56 

Bank,  Chicago,  111 0.1  7.4  40.4  28.5  19.2  4.0  54 

Custer  Park,  Custer  Park,  111 0.3  5.9  29.8  19.3  18.2  24.7  64 

Silica,  Cleveland,  0 0.1  6.1  42.4  36.2  13.3  1.7  52 

Bank,  Cleveland,  0 4.1  13.2  18.1  13.3  19.0  31.7  52 

Silica,  Cleveland,  0 0.1  54.4  34.0  5.9  3.1  2.0  33 

107  It  is  interesting  to  note  that  most  of  the  sands  adopted  by 
foundrymen  through  experimental  work  have  very  nearly  uniform 
sized  grains,  or  at  least  will  leave  more  than  half  of  the  sand  on  two 
consecutive  sieves.  For  instance,  the  Michigan  City  core  sand,  the 
third  in  the  column,  has  over  75  per  cent  of  its  sand  on  the  60  and  80- 
mesh  sieves;  the  washed  Ottawa  silica  sand  has  72.8  per  cent  of  its 
grains  on  the  40-mesh  sieve,  and  21.6  per  cent  on  the  60-mesh  sieve, 
or  over  94  per  cent  of  the  sand  on  two  consecutive  sieves.  The  Del 
Ray  bank  sand  so  extensively  used  by  brass  foundries,  is  exceedingly 
fine,  55  per  cent  of  it  having  passed  the  100-mesh  sieve.  As  seen  under 
the  microscope  the  grains  are  clean  and  rounded  so  that  it  has  con- 
siderable vent.  One  of  the  fine  sands  used  in  the  east  is  the  Provi- 
dence River  sand,  and  of  this  69.8  per  cent  passed  the  100-mesh  sieve. 

108  Specifications  for  Core  Sand.  More  investigation  along  this 
line  and  the  cooperation  of  manufacturers  will  result  in  specifications 
for  core  sands  for  different  classes  of  work.  These  specifications 
should  include  the  relative  fineness,  the  percentage  of  bonding 
material  which  will  destroy  oil,  as  determined  by  the  dye  test  for 
colloids  or  some  other  test  to  be  determined  later,  and  the  percentage 
of  alkalies  or  lime. 

109  Mineral  Composition  of  Sand  Grains  and  Its  Effect.  A  good 
core  sand  should  be  free  from  shale  or  limestone  pebbles  if  it  is  to  be 
used  with  oil,  since  the  shale  is  liable  to  form  a  fluxing  ingredient. 
For  some  classes  of  grey  iron  work,  sands  carrying  a  considerable 
percentage  of  limestone  pebbles  are  used.  These  sands  cannot  be 
used  with  oil,  but  can  be  used  with  pitch  compounds  or  glutrin.  The 
first  time  they  are  exposed  to  molten  metal,  however,  the  lime  which 
is  next  to  the  casting  wall  be  burned  to  quick  lime.  This  will  result 
in  a  considerable  volume  of  carbon  dioxide  gas  which  must  pass  out 
through  the  vent,  but  the  burning  of  the  limestone  to  quick  lime  will 
partially  disintegrate  the  core  and  make  it  easy  to  clean.  If  any  of 
this  old  core  sand  is  used  in  the  new  mix,  the  quick  lime  contained  in 
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it  becomes  a  ratlier  efficient  binder,  acting  nuicli  as  does  flour  or  starch 
in  that  only  the  portion  of  the  Hnie  in  contact  with  the  sand  grains 
is  affected,  the  balance  of  it  simply  stopping  up  the  vent. 

110  At  least  two  large  foundries  are  making  extensive  use  of  a 
core-sand  mixture  containing  heavily  bonded  loam  santl  and  a  quan- 
tity of  limestone  pebbles.  For  some  classes  of  very  heavy  work  no 
artificial  binder  is  used,  the  clay  in  the  new  sand  and  the  quicklime 
in  the  old  sand  being  depended  upon  for  that  purpose.  It  is  necessary 
in  such  cases,  however,  to  give  the  cores  a  coat  of  blacking  in  order 
to  peel  the  castings,  and  in  making  up  the  cores  a  large  amount  of 
coke  has  to  be  used  to  form  vent  passages. 

111  Effect  of  Moisture  on  Volume  of  Sand.  In  experimenting 
with  a  ^Adde  range  of  binders  several  sands  representing  different 
types  were  selected  as  standards  and  cores  made  with  each  series. 
The  Ottawa  silica  sand,  Michigan  City  sand,  and  the  Rockaway 
Beach  sand,  were  three  types  of  sharp  sands,  or  sands  carrying  com- 
paratively little  bond,  selected.  One  day  the  man  making  the  cores 
reported  that  from  a  measured  amount  of  sand  he  was  obtaining  more 
cores  than  formerly.  Upon  investigating  it  was  found  that  he  had 
taken  one  batch  of  sand  from  the  bottom  of  a  bin  of  Michigan  City 
sand  where  it  was  wet  and  the  next  from  the  top  of  the  adjoining  bin 
where  it  was  dry.  To  see  if  this  would  explain  the  matter  a  quantity 
of  dry  Michigan  City  sand  was  measured,  10  per  cent  of  water  by 
volume  added  to  it,  the  mass  mixed  over  by  hand,  and  an  attempt 
made  to  put  it  back  in  the  same  measure  from  which  it  had  been 
poured.  It  was  found  that  40  per  cent  could  not  be  returned  to 
the  measure.  Experiments  were  then  made  by  taking  measured 
amounts  of  sand  and  adding  first  1  per  cent  and  then  2  per  cent  of 
water,  and  so  on  up  to  20  per  cent  or  more.  It  was  found  that  at 
first  each  addition  of  water  increased  the  volume  of  sand  until  about 
10  per  cent  had  been  added,  and  that  beyond  this  the  volume  began 
to  decrease  once  more,  until  the  volume  of  water  was  so  great  that 
the  sand  could  settle  out  of  it,  when  the  volume  of  sand  became 
very  nearly  the  same  as  that  for  dry  sand. 

112  The  explanation  is  simple.  In  dry  sand  the  grains  slide  past 
each  other  until  the  maximum  number  of  bearing  points  are  in  con- 
tact. When  there  is  just  sufficient  water  present  to  form  a  film  ov(>r 
each  grain  of  sand,  two  grains  coming  in  contact  adhere  and  will  not 
move  further  without  the  application  of  force.  Fairly  hard  ramming 
will  not  even  drive  the  sand  back  to  its  former  volume.  This  condi- 
tion is  graphically  illustrated  in  Fig.  24.     On  the  left  there  are  two 
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graduated  cylinders,  one  containing  500  cu.  cm.  of  dry  Michigan 
City  sand  and  the  other  50  cu.  cm.  of  water.  On  the  right  is  shown 
the  large  cylinder  with  the  wet  sand  in  it,  and  the  10  per  cent  of  water 
having  been  mixed  with  the  sand  by  hand  and  the  material  dumped 
back  into  the  cyhnder.  It  filled  the  cyhnder  up  to  the  780cu.cm. 
mark,  an  increase  of  270  cu.  cm.  or  over  50  per  cent.  In  putting  the 
sand  in,  the  cylinder  was  rap])cd  down  on  the  hand  as  hard  as  pos- 


FiG.  24    Change  in  Volume  of  Sand  caused  by  the  Additio>j  of  10  per 

CENT   OF   WATER 


sible  without  danger  of  breaking  it.  The  results  of  experiments  with 
New  England  bank  sand  and  Rockaway  Beach  sand  are  given  in 
Tables  4  and  5. 

113  The  practical  api)lication  of  this  is  that  if  the  men  in  the 
core  room  are  allowed  to  take  sand  as  it  conies  and  measure  it  by 
volume  they  will  be  getting  constantly  varying  ratios  between  the 
sand  and  the  ])iu(l(!r.  If  a  given  volume  of  dry  sand  is  taken  it  will 
contain  a  cin-tain  number  of  grains  and  there  will  be  a  certain  ratio 
to  the  binder.     If  the  same  volume  of  wet  sand  is  taken  there  will 
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i)(^  a  very  much  smaller  number  of  grains  and  honco  n  larger  proi)or- 
tiou  of  hinder  or  smaller  Innding  ratio,  wliieli  will  result  in  a  stronger 
core.  ))rovided  the  mixing  is  properly  done. 

114  All  core  sand  should  be  dried  before  the  binding  material  is 
mixed  with  it.  If  the  core  sand  is  measured  by  w(>ight  th(>  introduc- 
tion of  moisture  in  it  ulso  introduces  an  error.  Fortunately  these 
errors  tend  to  make  stronger  cores  than  would  result  from  the  use  of 
dry  sand,  on  account  of  the  decrease  in  the  bonding  ratio,  but  this 
increase  in  the  proportion  of  binder  is  an  unnecessary  and  increasing 
expense  which  must  be  Iwrne. 

TABLE  4    TESTS  WITH  NEW  ENGLAND  BANK  SAND  FROM  WATERBURY,  CONN. 


Sand,  by  Volume    Water,  byVolumo 


Water  by    Weight,  'Sand  Water  Added, ilncreased  in  Volume, 
I'er  Cent  Volume  Per  Cent 


500 

5 

0.77 

590 

18 

500 

10 

1.54 

680 

36 

;')00 

15 

2.31 

750 

5U 

500 

30 

4.62 

790 

58 

500 

45 

6.93 

830 

06 

500 

60 

9.24 

810 

62 

500 

75 

11.55 

810 

62 

500 

90 

13.86 

800 

60 

TABLE  5  TESTS  WITH  ROCKA.WAY  BEACH  SAND.  ROCKAWAY  BEACH, 


Sand, 

by   Volume 

Water,  by 
Volume 

Water  by  Weight, 
Per  Cent 

Sand  Water  Added 
Volume 

Increase  in  Volume , 
Per  Cent 

500 

5 

0.68 

700 

40 

500 

10 

1.36 

740 

48 

500 

15 

2.04 

730 

46 

500 

30 

4.08 

700 

40 

500 

45 

6.12 

810 

62 

500 

60 

8.16 

810 

62 

500 

1000 

Flooded 

470 

115  Effect  of  Damp  Sand  on  Hand-Mixed  Oil-Sand  Cores.  In 
connection  with  the  use  of  damp  sands  an  interesting  core  is  shown  in 
Fig.  25.  This  was  made  from  sharp  Lake  sand  and  oil  at  the  ratio 
of  50  to  1.  The  sand  was  fairly  damp  when  taken  from  the  bin, 
containing  at  least  3  per  cent  of  moisture  by  weight.  The  sand  was 
spread  on  the  coremakers'  bench,  the  oil  measured  and  poured  over  it, 
and  the  batch  thoroughly  mixed  by  hand,  until  the  oil  appeared  to 
be  evenly  distributed.     A  little  water  was  then  added  to  temper  it 
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thoroughly  and  again  rubbed  over  two  or  three  times  by  hand.     It 
was  not  passed  through  a  riddle,  however. 

116  A  batch  of  cores  were  made  from  it  and  baked.  When  they 
came  from  the  oven  small  white  spots  of  unbonded  sand  appeared  on 
the  surface  and  the  sand  could  be  poured  from  these.  The  hole 
shown  in  Fig.  25  is  less  than  re  ii^-  wide  and  a  little  over  |  in.  high. 
It  extends  into  the  core  for  f  in.  A  number  of  these  were  seen  all 
over  the  surface  of  the  core. 

117  Another  batch  of  sand  was  mixed  [in  the  same  way,  and 
passed  through  a  No.  4  riddle  once.  Cores  were  made  from  this  and 
baked.  They  were  found  to  contain  little  spots  where  a  dozen  or  more 
grains  of  sand  had  adhered  and  the  water  on  them  had  prevented 
the  oil  from  covering  them.  These  spots  of  dry  sand  fell  out  leaving 
small  spots  on  the  face  of  the  core  and  upon  breaking  the  same  con- 
dition was  found  to  exist  through  its  entire  body.  A  portion  of  the 
same  batch  was  put  in  a  mixing  mill  and  ground  for  2  minutes.  Cores 
made  from  this  showed  perfectly  uniform  results. 

118  These  experiments  clearly  showed  two  facts:  first,  damp  sand 
should  never  be  used  in  making  up  core  mixtures,  and  second,  core 
sand  should  be  ground  or  thoroughly  mixed  to  insure  the  incorpor- 
ation of  the  oil  with  the  sand  and  the  covering  of  every  grain  of  sand 
with  the  oil. 

119  Binders  Tested.  A  partial  list  of  the  binders  tested  is  given 
in  Table  6.  This  contains  nothing  but  materials  from  which  bind- 
ing compounds  are  made  or  materials  used  as  binders,  without  being 
incorporated  with  other  materials  to  form  core  mixtures.  The  name 
of  the  one  donating  the  sample  is  shown  at  the  right.  In  addition, 
a  number  of  other  makers  of  core  compounds  have  furnished  samples 
of  their  standard  products.  In  this  investigation,  however,  the  under- 
lying principles  which  govern  the  bonding  of  core  sands  are  sought 
and  hence,  so  far  as  possible,  known  compounds  are  used. 

120  The  results  of  one  series  of  tests  in  comparing  some  of  the 
binders  is  shown  in  Fig.  26.  The  parafiine  oil  and  crude  oil  which 
are  frequently  used  in  core  oils  for  blending  show  no  binding  power 
whatever,  or  at  least  they  broke  at  less  than  1  lb.  per  sq.  in.  The 
black  compounds  tested  in  this  series  were  not  suited  for  use  with  the 
Rockaway  Beach  sand,  but  should  have  been  used  with  those  con- 
taining some  loam.  The  pitch  referred  to  is  what  is  known  as 
parolite,  a  product  furnished  by  the  Standard  Oil  Company.  A 
sanii)le  of  raw  linseed  oil  was  also  tested  in  this  series,  but  could  not 
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be  broken  on  tlic  testing  machine  tlien  in  use.  Since  this  time 
experiments  have  been  tried  and  oil  sand  cores  made  at  the  ratio  of 
1  to  50,  breaking  as  high  as  160  lb.  per  sq.  in.  in  tension. 

SELECTION   AND    COMPOUNDING   OF    CORE   MATERIALS 

121  Cores  for  Steel  Foundry  Work.  The  selection  of  the  proper 
materials  for  use  in  any  given  core  room  depends  upon  local  condi- 
tions as  to  supply  of  core-forming  materials  and  the  product  being 
manufactured.  A  ^vider  variety  of  materials  can  be  used  in  connec- 
tion with  grev  iron  work  than  in  most  other  classes  of  work. 


Fig.  25    Mickophotograph  of  Core  showing  Hole  where  Unbonded  Sand 

flowed  out 

122  Heavy  open-hearth  steel  work  requires  the  best  materials- 
Both  the  mold  and  the  cores  must  be  made  of  silica  sand  and  nothing 
that  has  a  tendency  to  fuse  at  low  temperatures  can  be  employed. 
At  the  same  time  the  cores  must  be  of  such  a  nature  that  they  will 
crush  readily  before  the  metal  as  it  shrinks.  This  has  brought  into 
use  many  different  mixtures  all  having  the  same  object  in  view. 
Flour  or  flour  and  molasses  are  sometimes  used  as  binders  and  the 
cores  baked  until  the  bond  is  practically  destroyed  so  that  the  core 
is  rotten.     Core  arbors  and  core  rods  are  relied  on  to  hold  the  mate- 
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rial  together  and  the  surface  is  tliiekly  coated  witli  a  silica  wash  which 
gives  a  strong  skin  to  the  core.  Such  a  core  will  usually  resist  the 
action  of  the  molten  metal  and  crush  readily  when  the  casting 
shrinks. 

TABLE  G    SOMK  OF  THE  BINOEliS  TESTED 
NAME  SHIPPED    BY 

Boiled  linseed  oil Spencer  Kellogg  and  Sons,  Buffalo,  N.  Y. 

Raw  linseed  oil Spencer  Kellogg  and  Sons,  Buffalo,  N.  Y. 

Fish  oil Young  &  Kimball,  Boston,  Mass. 

Paraffine  oil Standard  Oil  Co.,  Cleveland,  Ohio 

Corn  oil Standard  Oil  Co.,  Cleveland,  Ohio 

Cottonseed  oil Standard  Oil  Co.,    Cleveland,   Ohio 

Parolite  (pitch) Standard   Oil   Co.,    Cleveland,   Ohio 

Light  tar  oil Atlantic    Turpentine    Co.,    Savannah,     Ga. 

Heavy  tar  oil Atlantic    Turpentine    Co.,     Savannah,     Ga. 

Resin  oil Atlantic    Turpentine    Co.,    Savannah,     Ga. 

Resin  oil Pensacola  Tar  &  Turp.  Co.,  Gull  Point,  Fla. 

Molasses Hill    &    Griffith    Co.,    Cincinnati,    Ohio 

Flour Hill  &  Griffith  Co.,  Cincinnati,  O. 

China  wood  oil L.  G.  Gillespie  &  Son,  New  York 

Blending  oil Sun  Oil  Co.,  Toledo,  Ohio 

Crude  oil  of  tar Pine  Turpentine  Co.,  New  York 

Silicate  of  soda Philadelphia  Quartz  Co.,  Chester,  Pa. 

Foundry  dextrine V.  C.  Bloede,  Baltimore,  Md. 

Special  dark  dextrine Corn  Products  Refining  Co.,  Waukegon,  III. 

Special  canary  dextrine ,.  .  .Corn  Products  Refining  Co.,  Waukegon,  111. 

Filtered  whale  oil  No.  1 Harvey  &  Outerbridge,  New  York 

Filtered  whale  oil  No.  2   Harvey  &  Outerbridge,  New  York 

Filtered  whale  oil  No.  3   Harvey  &  Outerbridge,  New  York 

Special  varnish  gum L.  G.  Gillespie  &  Son,  New  York 

Michigan  resin Cadillac  Turpentine,  Co.,  Cadillac,  Mich. 

Oil  No.    1   filtered   and 

blown  whale Harvey  and  Outerbridge,  New  York 

Raw  pitch Westinghouse  Electric  Co.,    Cleveland,  Ohio 

Distillery  slop Cutter  Wood  Supply  Co. 

Hydrol Corn  Products  Refining  Co.,  Argo,  111. 

Starch Corn  Products  Refining  Co.,  Argo,  111. 

Starch B.  Remmers  &  Sons,  Bourse  Bldg.,  Philadel- 
phia. 

123  Others  use  both  clay  and  sawdust  in  their  core  mixtures,  the 
sawdust  burning  out  and  allowing  for  shrinkage  and  the  clay  acting 
as  a  binder.  The  burning  of  the  sawdust  frees  the  clay  and  permits 
the  cleaning  of  the  core.  In  one  light-work  steel  foundry  shop  a 
core  made  of  silica  sand  Welsh  Mountain  clay  and  sawdust  is  used,  the 
core  being  baked  until  the  sawdust  is  partially  charred. 
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124  For  work  with  core  mixtures  in  which  a  binder  like  glutrin 
will  sweat  to  the  surface  such  a  mixture  could  be  developed  to  good 
advantage  for  steel  foundry  work,  as  a  core  of  this  kind  has  a  hard 
skin  and  a  rotten  or  soft  interior.  All  such  cores,  however,  have  to 
l)e  baked  carefully  at  a  certain  temperature  for  if  the  skin  is  burned 
lluM-e  is  nothing  left  of  the  core.  Glutrin  is  used  in  steel  facing 
sand  and  in  many  clay  and  silica  sand  core  mixtures. 

125  Cores  for  Brass,  Bronze  and  Aluminum.  The  other  extreme 
in  the  core  field  is  found  in  the  brass  and  bronze  foundry.  Here  the 
temperatures  encountered  by  the  cores  are  much  lower,  and  greater 
diversity  of  sands  and  binders  can  be  employed.     In  a  case  of  this 
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kind  what  is  needed  is  a  core  with  a  close  surface  which  is  still  free 
venting  enough  to  permit  the  mold  to  be  filled  quickly  and  the  gases 
to  escape  readily. 

126  Clay  is  out  of  place  as  a  binder  in  brass  and  bronze  work  and 
the  material  used  should  be  of  such  a  nature  as  to  burn  out  at  a 
rather  low  temperature. 

127  In  dealing  with  aluminum  a  metal  with  maximum  shrinkage 
and  minimum  hot  strength  is  encountered.  This  requires  a  core 
that  yields  readily  and  softens  as  (luickly  as  the  metal  strikes  it.  Two 
courses  are  open:  to  use  a  mixture  giving  a  core  with  a  soft  interior 
and  practically  all  the  binder  on  the  surface  so  that  as  quickly  as 
th(i  surface  is  disintegrated  the  core  can  be  readily  crushed;  or  to  use  a 
l)inding  material  which  softens  as  soon  as  heat  strikes  it  whctlior  it 
burns  or  not.     Resin  is  the  only  binder  which  fully  meets  this  latter 
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requirement,  and  it  is  frequently  used  to  good  advantage  in  aluminum 
work.  These  cores  clean  out  readily  if  the  castings  are  taken  from 
the  mold  hot  and  cleaned  out  at  once,  but  if  they  are  allowed  to  get 
cool  the  resin  cores  harden  once  more  and  it  is  almost  impossible  to 
get  them  out. 

128  Cores  for  Grey  Iron  and  Malleable  Iron.  For  grey  iron  or 
malleable  work  the  core  jjroblems  to  be  met  are  almost  infinite.  In 
the  radiator  shops  and  in  stove  foundries  producing  gas  range  burners 
it  is  necessary  to  have  cores  which  are  exceedingly  strong  and  free- 
venting  and  which  will  stand  being  entirely  surrounded  by  metal 
with  the  exception  of  a  small  print.  This  means  a  core  made  from 
sharp  sand  and  at  present  all  such  are  of  oil  or  mixtures  of  oil  and 
glutrin  as  binders. 

129  Oil-sand  cores  have  one  advantage  possessed  by  few  other 
binders,  that  a  core  made  from  clean  sand  and  oil  has  no  tendency  to 
absorb  moisture  and  can  be  kept  without  losing  strength  for  an  indefi- 
nite length  of  time.  The  writer  has  cores  in  his  possession,  now  nearly 
five  years  old,  made  of  linseed  oil  and  clean  sand,  some  of  which  were 
used  after  they  were  four  years  old  and  seemed  to  give  as  good  re- 
sults as  the  new  ones. 

130  A  core  for  the  most  exacting  requirements  met  by  oil-sand 
mixtures  must  have  a  tensile  strength  of  at  least  75  lb.  per  sq.  in. 
In  such  mixtures  it  is  usually  the  most  economical  to  employ  only 
high-grade  materials  and  particular  care  must  be  taken  to  see  that 
the  sand  contains  no  loam  which  will  destroy  the  bonding  value  of 
the  oil.  Linseed  oil  at  $1  per  gal.,  as  it  has  been  this  past  year,  makes 
the  cost  of  the  old  standard  binder  almost  prohibitive  and  has  led 
foundrymen  to  look  for  cheaper  materials.  All  of  the  paint  and  var- 
nish oils,  including  China  wood,  Soya  bean,  corn  and  cottonseed  oils 
have  found  a  place  in  the  core-oil  trade.  The  regular  blended  oil, 
on  the  market  also  carry  resin  and  neutral  oil.  As  a  rule  the  neutral 
oil  does  not  add  appreciably  to  the  binding  power  of  the  compound 
but  it  does  serve  to  carry  the  resin  into  the  mixture  and  to  give  a 
waterproof  oil  of  sufficient  strength  for  ordinary  work  at  a  much 
lower  cost  per  gallon  than  the  old  standby  linseed.  As  linseed  oil, 
however,  is  the  ultimate  standard  of  excellence  for  all  core  oils,  some 
firms  prefer  to  use  it  and  either  to  dilute  it  themselves  or  to  use  glutrin 
in  the  mixture  with  it.  In  many  grey  iron  and  malleable  foundries 
flour  or  devtrine  is  used  as  a  binder  and  for  some  classes  of  work 
they  give  entire  satisfaction. 
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131  Cost  of  Strength  in  a  Core.  In  solving  any  core-binder  prob- 
lem the  ultimate  cost  is  the  guiding  factor.  To  determine  the  cost 
of  a  cubic  foot  of  core  several  points  must  be  considered:  (1)  the 
strength  of  the  core  mixture  both  green  and  dry;  (2)  the  character 
of  the  surface  which  the  core  presents  to  the  metal;  (3)  the  ques- 
tion of  the  percentage  of  vent  area  in  the  core;  (4)  the  ability  of  the 
core  to  resist  moisture ;  (5)  the  ease  with  which  the  core  can  be  cleaned 
from  the  casting;  (6)  the  character  of  the  fumes  or  gases  given  off 
during  the  baking  of  the  core  and  when  the  mold  is  poured;  (7)  the 
number  of  cores  which  a  man  can  make  in  a  day  from  a  given  mix- 
ture; (8)  the  cost  of  drying;  (9)  the  expense  of  the  rigging  involved 
with  the  use  of  a  given  binder. 

132  The  strength  of  the  green  mixture  is  important  in  cases  where 
cores  must  stand  at  a  considerable  height  above  the  plate  during 
drying,  and  if  the  core  has  any  overhanging  bodies  it  must  possess 
sufficient  green  strength  to  carry  these.  Green  strength  may  be 
afforded  by  using  a  bonded  sand,  that  is,  a  sand  containing  clay,  or 
by  using  flour,  dextrine  or  some  other  glutinous  or  starchy  material 
in  the  mixture.  The  strength  of  the  dry  core  is  governed  by  the 
amount  of  pressure  it  must  resist  as  the  metal  enters  the  mold.  All 
cores  tend  to  float  as  the  metal  enters  and  if  not  sufficiently  rigid 
to  resist  this  tendency,  are  likely  to  be  broken  or  displaced. 

133  Cores  must  also  have  sufficient  strength  to  enable  them  to 
resist  handling.  The  strength  of  core  mixtures  in  use  in  the  foundries 
in  which  we  have  carried  on  experiments  varies  from  less  than  5 
to  over  100  lb.  per  sq.  in.  The  proper  strength  for  a  given  condition 
can  be  determined  only  by  experience,  but  after  this  has  been  decided, 
any  other  sand  or  binder  mixtures  can  easily  be  compared  with  the 
standard  by  suitably  testing  the  new  one.  Foundrymen  have  gen- 
erally adopted  a  bar  1  in.  sq.  and  broken  it  on  supports  12  in.  apart. 
This  is  suitable  for  oil-sand  and  fairly  strong  mixtures,  but  does  not 
give  good  results  for  mixtures  having  low  strength.  For  these  the 
tensile  method  using  a  delicate  machine  is  to  be  preferred  or  bars  4 
or  6  in.  long  and  1  in.  sq.  may  be  made  and  broken  in  the  middle. 

134  Under  the  second  heading  must  be  considered  the  character 
of  the  surface  presented  to  the  metal,  its  ability  to  carry  off  the  air 
or  gases  displaced  by  the  metal  as  it  enters  the  mold,  its  ability  to 
resist  the  cutting  action  of  the  metal  as  it  flows  into  the  mold,  and 
the  freedom  with  which  the  burned  core  separates  from  the  surface 
of  the  interior  of  the  casting.  As  has  already  been  stated,  in  the  case 
of  metals  Avhich  have  extreme  fluidity  and  a  tendency  to  search  out  all 
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small  opcnins8  in  tlie  core,  it  is  n(>cessary  to  use  a  mixtur(!  which 
will  present  a  close  uniform  texture,  the  voids  or  spaces  of  wliich 
are  so  fine;  that  the  metal  cannot  flow  into  them.  In  the  case  of  such 
metals  it  may  be  necessary  to  use  some  facing  or  blacking  on  the 
core  to  close  partially  the  spaces  or  voids  and  also  to  make  the  core 
clean  out  more  readily.  Cores  for  cast-iron  water  pipe  and  a  large 
variety  of  similar  grey  iron  work  are  given  a  coating  of  blacking  and 
the  interior  faces  of  the  mold  made  to  peel  just  as  well  as  the  ex- 
terior. If  the  core  itself  does  not  present  a  proper  surface  to  the 
metal  it  must  be  considered  whether  it  would  be  cheaper  to  select  a 
material  which  does  or  to  treat  the  surface  of  the  core  in  such  a  way 
as  to  improve  it. 

135  Under  the  thiy-d  heading,  the  percentage  of  venting  area, 
must  be  considered  the  size  of  the  sand  grains  and  their  character; 
also  the  character  of  the  bond  and  the  extent  to  which  it  blocks  the 
vent.  In  the  case  of  castings  which  are  entirely  surrounded  by  metal 
witli  the  exception  of  a  small  print,  as  for  instance,  gas  stove  burners, 
the  sand  mixtures  must  have  a  maximum  amount  of  vent  and  a  min- 
innmi  amount  of  gases  to  l)e  driven  out,  while  in  the  case  of  aluminum 
the  metal  solidifies  so  quickly  that  a  very  small  amount  of  gases  has 
to  be  taken  care  of.  The  thickness  of  the  casting  that  is  to  surround 
the  core  also  has  an  influence  on  this  as  it  determines  the  duration  cf 
the  high  degree  of  heat. 

136  Under  the  fourth  heading,  the  resistance  to  moisture,  n:ust 
be  considered  the  length  of  time  the  cores  remain  in  the  molds 
and  the  manner  of  handling  and  storing  them.  If  high-grade  oil- 
sand  cores  are  used,  their  moisture-resisting  properties  are  such  that 
no  ill  effects  need  be  feared  from  leaving  them  in  the  mold  several 
hours  before  it  is  poured  or  in  connection  with  their  storage,  but 
many  other  binders  show  a  tendency  to  absorb  moisture.  Where 
this  is  the  case,  if  there  is  a  considerable  saving  in  the  use  of  one 
wliich  absorbs  moisture,  it  may  be  necessary  to  see  if  some  means 
camiot  be  found  for  so  handling  the  cores  as  to  minimize  their  ex- 
])()s\n'e  to  moisture.  If  they  arc  kept  in  a  dry  place  and  are  intro- 
duced into  the  mold  only  a  short  time  before  pouring,  there  will  be 
no  trouble  on  account  of  dampness  and  the  saving  in  the  cost  of 
binder  may  more  than  compensate  for  the  additional  handling. 

137  The  fifth  heading,  case  of  cleaning,  is  one  of  the  important 
l)robl(mis  in  the  exj^ense  of  making  castings.  A  proper  core  mixture 
should  rntlie  out  without  any  difhculty,  leavhig  a  good  smooth  in- 
l(>rior  surfa-c(\      If  (his  is  not  so.  some  means  must  be  secured  of  fre^"- 
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mg  the  surface  from  the  metal  or  of  makinp;  the  entire  core  of  siicli 
a  nature  that  it  will  soften  under  the  action  of  the  heat.  In  the 
case  of  brass  and  Ijronze  cores,  they  are  very  largely  blown  out  by 
dipping  the  hot  castings  into  water,  the  steam  formed  blowing  out 
the  core.  Iron  castings  cannot  be  so  treated,  h(>nce  the  core  must 
be  compounded  and  baked  so  as  to  clean  freely.  One  of  the  most 
common  causes  of  difficulty  in  the  cleaning  room  is  the  use  of  an 
excess  of  binder  in  the  core  room,  or  the  use  of  sands  which  are  too 
heavily  bonded,  that  is,  contain  too  much  clay. 

138  Under  the  sixth  heading,  the  character  of  fumes,  must  be 
considered  both  the  effect  of  fumes  in  the  core-room  and  foundry. 
With  regard  to  the  character  of  fumes,  certain  oil  mixtures  give 
off  very  disagreeable  odors  after  the  cores  are  withdrawn  from  the 
oven  and  placed  in  the  racks  to  cool.  If  less  offensive  mixtures 
which  are  equally  efficient  can  be  found  it  will  greatly  improve  the 
working  conditions  of  the  core-room  men;  if  not,  ventilating  devices 
should  be  provided  to  draw  these  fumes  away  from  the  coremakers. 
In  the  foundry  the  importance  of  this  question  depends  to  a  large 
degree  upon  the  volume  of  the  cores  used  for  each  individual  casting. 
If  there  are  only  a  few  small  cores  in  each  mold  the  volume  will  not 
be  sufficient  to  trouble  the  workman,  no  matter  what  binder  is  used, 
but  if  the  mold  is  largely  composed  of  cores  it  becomes  an  important 
item  in  the  comfort  of  the  molders  at  pouring-off  time,  a  great 
many  castings  having  been  lost  on  account  of  careless  pouring  of  a 
molder  in  hurrying  from  the  stifling  fumes  of  the  surrounding  molds. 
Whale  oil  and  fish  oil  give  particularly  bad  fumes  in  these  cases, 
though  they  form  excellent  binders.  By  lighting  the  gases  as  they 
come  from  the  vents  in  the  mold  the  disagreeable  odors  can  frequently 
be  reduced,  but  even  then  they  may  be  sufficient  to  make  a  change  of 
binding  materials  desirable.     More  and  better  work  will  result. 

139  The  number  of  cores  per  man  per  day  is  influenced  by  the 
character  of  the  binder,  since  if  the  material  tends  to  stick  to  the  core 
box,  the  workman  cannot  produce  as  many  cores  as  in  a  free  work- 
ing material.  In  many  binders  the  trouble  with  the  sticking  was 
found  to  be  due  to  too  strong  a  core  mixture  and  as  soon  as  the  pro- 
portion of  binder  was  reduced  the  trouble  disappeared.  In  the  cost 
of  drying,  the  length  of  time  it  takes  to  dry  each  different  class  of 
cores  when  using  different  binders  determines  the  capacity  of  the 
core  ovens,  their  fuel  consumption,  and  the  floor  space  which  must 
be  devoted  to  equipment  of  this  kind.  Quick  drying  core  mixtures 
increase  this  capacity  and  so  decrease  the  plant  expense. 
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140  High-grade  oil-sand  cores  made  from  clear  sand  and  oil 
have  no  green  binding  power  and  hence  they  must  all  be  provided 
with  driers  which  support  the  core  throughout  its  entire  length,  or 
the  cores  must  be  bedded  in  open,  clear,  sharp  sand  containing  no 
binder.  One  of  these  procedures  requires  a  considerable  outlay  for 
driers  and  the  other  an  expenditure  of  time  for  bedding  in.  If  the  out- 
put from  a  given  core  box  or  pattern  is  to  be  limited,  it  may  pay 
better  to  use  a  mixture  having  some  green  bond,  so  that  the  cores 
may  be  allowed  to  stand  on  one  end  on  the  plate  or  be  supported  in 
some  other  convenient  manner  which  will  avoid  the  making  of 
driers.  If  very  large  outputs  are  required  the  driers  will  be  found 
the  most  economical  course. 


Fig.  27    Core  Box  with  Liner  for  making  Self-Pasting  Cores 


141  Self-Pasting  Cores.  Many  intricate  cores  must  be  made  in 
halves  and  then  either  dried  on  flat  plates  and  pasted,  or  the  two 
halves  rocked  together  before  pasting.  If  the  latter  is  done,  the  binder 
must  be  of  such  a  nature  that  it  will  form  a  self-pasting  core.  High- 
grade  core  oils  when  used  in  fairly  large  proportions  will  generally 
bind  the  two  halves  together  in  cases  of  this  kind.  In  some  cases, 
however,  the  expedient  shown  in  Fig.  27  must  be  resorted  to.  One- 
half  of  the  box  is  provided  with  a  thin  metal  sheet  shown  at  A  which 
projects  slightly  over  the  edge  of  the  box. 

142  After  the  two  half  cores  are  made  in  the  boxes  the  metal 
plate  A  is  lifted  off  and  the  two  halves  of  the  box  closed  together. 
When  the  halves  first  meet,  the  condition  will  be  as  represented  in 
the  lower  portion  of  Fig.  27.  As  the  box  is  closed  together,  the  pro- 
jections of  sand  left  by  the  opening  in  the  plate  A  will  crush  into 
the  faces  of  each  half  of  the  core  so  as  to  bond  thoroughly  the  sand 
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in  the  two  parts.  This  device,  the  writer  believes,  was  patented  some 
years  ago  by  Mr.  Lee,  superintendent  of  a  department  of  the  Crane 
Company.  In  other  cases  the  coremaker  is  careful  to  leave  the  sand 
projecting  slightly  above  the  face  of  the  box  when  he  strikes  it  off 
and  then  when  the  boxes  are  closed  together  there  is  sufficient  pressure 
to  make  the  sand  along  the  faces  of  the  core  adhere.  These  rock- 
over  boxes  are  now  used  in  a  number  of  different  classes  of  work  either 


Fig.  28    Microphotograph  of  Self-Pasting  Core  which  has  been  vented 

WITH  A  Press  Vent 

When  the  block  for  forming  the  press  vent  was  forced  Into  the  lower  half  of  the  core  the  sand  on 
each  side  of  the  box  was  forced  up.  When  the  second  half  of  the  box  was  placed  on  top  of  the  first 
the  sand  over  the  vent  crowded  down  slightly  as  shown  and  the  ridges  of  sand  at  the  side  of  the  vent 
caused  the  material  to  blend  along  the  parting  so  that  the  core  became  one  homogeneous  mass  when 
baked. 

with  or  without  the  stripping  device  and  their  use  simplifies  the 
making  of  intricate  cores  and  at  the  same  time  permits  the  drying  of 
the  entire  core  in  one  piece. 

143  Where  cores  are  made  in  halves  as  shown  in  Fig.  27  and  then 
rocked  together,  some  form  of  block  is  generally  employed  for  press- 
ing a  vent  into  the  face  of  one-half  of  the  core.  The  introduction 
of  this  vent  block  swells  the  sand  on  both  sides  of  the  vent,  and  this 
is  usually  sufficient  to  make  the  core  self-pasting.  A  section  of  a 
core  similarly  made  is  shown  in  Fig.  28,  where  the  use  of  the  vent 
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l)l()ck  in  the  lower  half  has  forced  uj)  two  ridges  of  sand,  causinji;  the 
two  halves  of  the  core  to  unite. 

144  Grinding  Experiments.  Concerning  the  compounding  of 
core  mixtures  the  writer  has  tried  a-  great  many  experiments,  and  was 
aware  that  the  grinding  of  molding  sands  greatly  increased  their 
strength,  and  under  the  impression  that  a  similar  grinding  would  aid 
cor(!  sands.  In  this  connection  a  series  of  tests  were  run  at  the  plant 
of  the  Lvun(ni  Bearing  Company  in  Buffalo.  A  Wadsworth  mixing 
and  compounding  mill  was  used,  having  a  pair  of  small  rollers  running 
ai'ound  on  an  annular  track,  following  which  are  scrapers  that  turn 
the  sand  over  first  one  way  and  then  the  other.  A  number  of  dif- 
ferent classes  of  mixtures  were  put  through  the  mill.  In  the  case  of 
sharj)  sands  mixed  with  oil,  grinding  in  the  mill  from  1  to  2  minutes 
was  found  to  be  a  decided  advantage  over  hand-mixing.  After  5 
minutes,  however,  there  was  a  marked  falling  off  of  the  strength  of 
the  core,  due  evidently  to  grinding  the  sand  in  such  a  way  as  to  form 
dust  which  al)sorbed  the  oil  and  prevented  its  acting  as  abinder  between 
th(;  sand  grains.  One  of  the  mixtures  tested  consisted  of  120  parts 
of  Lake  sand,  60  parts  of  Del  Ray  bank  sand,  5  parts  by  volume  of 
No.  1  Peterson's  core  oil,  and  1  part  l)y  volume  of  flour.  Cores  made 
from  this  mixture  showed  a  strength  of  over  60  lb.  per  sq.  in.  after 
a  grinding  of  2  minutes.  A  large  batch  was  made  up,  thoroughly 
mixed  with  the  shovel,  and  then  succeeding  parts  of  it  put  through 
the  mill,  grinding  the  first  2  minutes,  the  second  5,  then  15,  20, 
and  30  minutes.  Several  series  of  this  kind  were  run  and  in  each  case 
the  initial  strength  of  the  material  was  about  60  lb.  per  sq.  in.,  while 
the  final  strength  ground  30  minutes  averaged  less  than  30  lb.  per 
sq.  in. 

145  An  experiment  was  then  made  by  grinding  a  facing-sand  mix- 
ture for  dry  sand  molds.  This  was  composed  of  four  parts  of  new 
Zanesville  molding  sand,  52  parts  of  heap  sand,  |  part  of  glutrin, 
and  ^  part  of  dextrine.  With  this  the  strength  increased  slightly 
for  the  first  10  minutes'  grinding  and  then  remained  constant  for 
grinding  up  to  30  minutes.  In  it  tliere  is  no  bond  that  would  be 
injured  by  fine  material  as  in  the  case  of  the  oil-sand  cores  already 
described.  It  is  evident  therefore,  that  in  the  case  of  oil-sand  cores 
all  that  is  required  is  a  thorough  mixing  or  blending  of  the  ingredients. 
The  hand-mixing  experiments  tried  at  the  same  time  showed  conclu- 
sively that  if  the  oil  and  water  were  not  ground  together  in  contact 
with  the  sand  so  as  to  form  an  emulsion  and  to  bring  it  in  contact 
with  the  grains,  the  core  would  have  unbonded  spots. 
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140  Tlu'  writer  lui!<  also  had  access  to  the  records  of  several  foun- 
diies  usinji;  mixing  and  compounding  mills  of  various  types  and  found 
that  in  all  cases  the  oil-sand  mixes  require  thorough  blending,  but 
are  the  better  for  not  being  ground  with  heavy  rollers.  Loam-sand 
mixtures  require  more  grinding  and  in  this  respect  are  similar  to 
molding  sand.  In  one  foundry  two  types  of  mills  were  in  use,  one 
a  \\'adsworth  mill  like  that  used  in  tests  referred  to  later,  at  the 
Lumen  Bearing  Company  and  the  other  one  having  900-lb.  crushing 
wheels.  The  latter  was  found  to  be  best  for  making  a  mixture 
with  a  bonded  sand  and  black  compound.  When  it  was  first  installed 
practically  all  of  the  old  core  sand  had  been  hauled  to  the  dump. 
The  common  practice  then  was  to  mix  the  sand  by  hand  with  shovels 
and  put  it  through  a  pneumatic  riddle  two  or  three  times.  From 
10  to  20  per  cent  of  old  sand  was  used  in  the  mix.  When  the  mill 
was  first  put  in  thej^  were  able  to  use  a  mix  composed  of  the  follow- 
ing: 25  parts  of  old  sand,  5  parts  of  new  molding  sand,  f  part  black 
core  compound,  and  18  parts  of  coke  breeze.  This  was  the  refuse 
coke  cleaned  out  of  cars  in  which  the  cupola  coke  was  received.  The 
coke  Avas  first  shoveled  into  the  mill,  ground  for  between  1  and  2 
minutes,  and  then  the  other  material  was  thrown  in,  Avet  down  with 
water  and  glutrin,  and  ground  for  5  minutes. 

147  After  continuing  this  practice  for  a  short  time  it  was  found 
that  the  sand  was  growing  weaker.  At  first  there  was  the  advantage 
of  a  large  amount  of  unburned  pitch  in  the  black  compound  which 
remained  in  the  old  core  sand,  but  with  the  continued  re-use  of  the  old 
sand  this  proportion  was  decreased  and  so  the  following  mixture  was 
finally  adopted:  20  parts  of  old  core  sand,  3  parts  of  new  molding 
sand,  2  parts  of  sharp  sand,  6  parts  of  refuse  coke,  and  1^  parts  of 
black  core  compound.  This  was  run  through  a  ^-in.  riddle  at  the 
mill  and  then  used  for  making  the  largest  of  coarse  cores.  Some  of 
it  was  subsequently  run  through  a  j-in.  riddle  and  used  for  a  facing 
sand  in  the  large  cores. 

148  The  selection  of  core  materials  will  probably  remain  for  some 
time  largely  in  the  hands  of  the  core-room  foreman,  but  the  writer 
confidently  expects  to  see  all  of  the  larger  concerns  and  the  more 
progressive  foundries  throughout  the  country  placing  the  control 
of  these  supplies  in  the  hands  of  the  laboratory,  just  as  they  have 
placed  the  control  of  their  metals  and  fuels  in  the  hands  of  the  labora- 
tory. 
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CORE  OVENS  and  CORE  DRYING 

149  The  baking  or  drying  of  a  core  is  a  complex  process,  depending 
upon  the  character  of  the  sands  and  the  nature  of  the  binders  used. 
Where  flour,  starch  or  dextrine  are  used,  the  moisture  is  first  driven 
out  and  then  the  starch  or  flour  compound  is  baked,  as  in  any  ordi- 
nary bread-baking  process.  To  develop  the  greatest  strength  the 
material  must  not  be  charrcnl,  but  should  be  carried  simply  to  the  con- 
dition of  ordinary  bread  crust.  For  this  purpose  the  temperature 
should  be  between  350  and  375  deg.,  and  under  no  circumstances 
should  it  be  allowed  to  rise  above  400  to  410  deg.  If  flour  or  starch 
bonds  are  charred  they  immediately  lose  strength.  Such  a  core  taken 
from  the  oven  at  its  condition  of  maximum  strength  will  still  con- 
tain some  moisture  in  the  starch  or  flour  compounds,  this  moisture 
being  mechanically  combined,  and  naturally  gives  off  a  great  deal  of 
smoke  when  the  mold  is  poured. 

150  In  the  baking  of  resin  or  pitch  cores  it  is  necessary  only  to 
heat  the  material  to  such  a  temperature  as  to  cause  the  resin  or  pitch 
to  flow  and  unite  the  grains  of  sand.  Practically  all  black  core  com- 
pounds contain  a  considerable  percentage  of  dextrine  and  on  this 
account  the  baking  partakes  both  of  the  nature  of  the  process  already 
described  and  of  the  melting  of  the  pitch,  causing  it  to  flow  through 
the  sand.  This  requires  only  a  temperature  of  350  to  400  deg., 
and  if  heated  much  above  410  deg.,  the  dextrine  contained  in  the  black 
compounds  will  be  burned  out  or,  in  the  case  of  the  resin  core,  some  of 
the  resin  oils  mil  be  distilled  off  and  the  material  will  lose  in  binding 
power.  Most  of  the  resin  oil,  however,  does  not  distill  off  below  550 
deg. ,  but  at  640  deg.  fahr.  over  90  per  cent  of  it  can  be  driven  off. 

151  In  both  of  these  classes  of  cores  described,  the  first  operation 
is  to  drive  out  the  water,  and  the  second  simply  a  baking  or  melting 
as  the  case  may  be.  In  both  cases,  during  the  first  part  the  core 
oven  should  have  ample  ventilation  so  as  to  drive  out  the  steam  as  it  is 
formed.  During  the  latter  part  a  free  circulation  of  air  is  not  needed 
and  in  fact  not  desirable,  as  it  would  tend  to  oxidize  or  burn  the  com- 
pounds forming  the  bonds  if  the  temperature  of  the  oven  got  a  little 
too  high. 

152  With  oil-sand  cores  an  entirely  different  proposition  is  en- 
countered. The  active  bonds  are  the  drying  oils  with  the  exce])tion 
of  resin,  which  is  sometimes  blanded  with  the  core  oil.  The  drying 
or  ])ahit  oils  all  require  a  good  circulation  of  air  through  the  oven. 
A^  m  the  preyjoijs  cases,  the  first  action  which  takes  place  is  the  driving 
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out  of  the  moisture  contained  in  the  core  and  the  second  largely  the 
oxidation  of  the  oil.  If  a  blended  or  compounded  oil  is  being  used 
which  contains  mineral  or  tar  oil,  or  any  similar  compound,  there  will 
be  some  volatile  hydrocarbons  which  will  be  driven  out.  After  this 
it  is  necessary  to  continue  a  good  circulation  of  air  through  the  oven 
to  oxidize  the  oils. 

153  The  process  going  on  in  the  core  oven  during  the  latter  part 
of  the  drying  of  an  oil-sand  core  is  similar  to  that  of  drying  oil-skin 
clothing.  This  clothing  is  made  by  dipping  cloth  in  a  mixture  of  oils 
and  drying  it  in  a  current  of  warm  air.  If  the  rooms  containing 
the  clothing  to  be  dried  are  shut  up  so  that  there  is  no  current  of  air, 
the  oil  will  remain  moist  for  days,  even  though  the  temperature  may 
be  much  above  that  ordinarily  employed  for  the  purpose.  With  a 
good  circulation  of  air,  however,  the  clothing  will  dry  rapidly  to  a 
firm  hard  skin.  In  like  manner  oil-sand  cores  must  be  given  plenty 
of  oxygen  if  they  are  to  be  properly  dried. 

154  Very  few  of  the  bonding  oils  will  be  burned  at  temperatures 
below  500  deg.,  and  hence  when  they  are  being  used  core  ovens  can 
be  driven  at  a  higher  temperature  than  with  flour  or  starch.  There  is 
no  need,  however,  of  carrying  the  temperature  above  400  to  410  deg., 
and  the  writer  believes  that  the  best  results  are  obtained  at  about  this 
range.  If  the  temperatures  reach  600  deg.,  all  forms  of  carbon  used 
in  core  binders  begin  to  char  and  the  strength  of  any  carbon  bond  is 
reduced.  The  cores  already  spoken  of,  composed  of  silica  sand, 
Welsh  mountain  clay  and  sawdust,  were  baked  at  about  600  deg.,  for 
the  purpose  of  charring  the  last  ingredient.  With  ordinary  binders, 
however,  this  would  not  be  a  proper  procedure. 

155  As  a  rule  a  foundryman  keeps  no  record  as  to  the  part  of  his 
oven  in  which  certain  cores  were  baked  and  may  be  wholly  unaware 
of  the  fact  that  from  10  to  30  per  cent  of  the  product  is  seriously 
damaged  every  day  and  that  in  many  cases  castings  are  lost  on  account 
of  being  baked  at  too  high  a  temperature  in  hot  parts  or  not  thoroughly 
baked  by  being  left  in  cold  parts.  With  a  realization  of  these  great  dif- 
ferences in  temperature  a  series  of  experiments  has  been  tried  with  a 
pair  of  recording  thermometers  furnished  by  the  Bristol  Company  of 
AVaterbury,  Conn.  Before  taking  up  the  matter  of  recording  ther- 
mometers, however,  it  may  be  interesting  to  speak  of  one  piece  of  bad 
core-oven  practice  which  came  under  the  writer's  attention  in  this 
investigation.  The  ovens  were  simply  iron  boxes  having  bars  across 
them  to  support  the  core  plates.  In  the  bottom  of  each  box  there  was 
an  open  coke  fire  with  no  baffle  plates  between  the  fire  and  the  core 
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plates.  Flour  cores  were  being  made  at  the  ratio  of  one  part  of  flour 
to  nine  parts  of  sand,  and  core  plates  were  pulled  from  directly  over  the 
fire  with  the  edges  of  the  plate  at  a  dull  red  heat,  showing  a  temi)era- 
tur(>  of  at  least  900  deg.  fahr.  The  cores  on  these  plates  were  black 
on  the  outside  and  smoking  as  though  they  were  on  fire  and  were 
being  at  onc(;  put  in  the  molds  by  the  molders  to  whom  they  were 
taken  and  the  molds  poured.  One  of  the  smoking  hot  cores  was  taken 
from  one  of  these  lower  plates  and  broken,  showing  that  the  outer 
T  in.  was  burned  while  the  inside  of  it  was  still  in  the  condition  of 


Fig.  29    Diaguam  illustrating  Difference  in  Temperature  in  a  Portable 

Core  Oven 


dough.  The  only  wonder  is  that  their  casting  loss  was  not  greater 
than  their  report  showed.  The  top  of  these  ovens  was  probably 
below  550  deg.  fahr. 

156  The  first  ovens  in  which  the  writer  tested  the  difference  in 
temperature  between  the  shelves  was  the  Wadsworth  oven  used  in 
experimental  work  at  Coving-ton  and  the  first  diagram  taken  is 
shown  in  Fig.  29.  This  heat  was  not  used  to  bake  cores  but  simply 
to  try  out  some  fuels  and  also  to  find  the  difference  in  temperature 
between  the  top  and  bottom.  The  curve  for  the  lower  thermometer 
which  is  placed  just  above  the  bottom  shelf  is  marked  B,  while  that 
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for  the  top  thermometer  which  is  placed  just  beneath  the  top  shelf  is 
marked  T.  In  this  oven  the  bottom  shelf  was  the  hottest  Avhile  the 
oven  was  being  fired.  When  it  cooled  off  at  night,  however,  the 
temperature  of  the  lower  thermometer  fell  below  that  of  the  upper. 
From  12.25,  when  the  thermometers  were  coupled,  until  2  p.m., 
the  writer  was  firing  with  coke  and  trying  to  get  the  temperature 
up  to  400  (leg.  At  that  time  the  coke  fire  was  raked  do^vn  and  a 
fire  of  anthracite  coal  put  in.  The  temperature  fell  from  2  to  3.10. 
when  it  commenced  to  rise,  and  at  7  p.m.  the  lower  thermometer 


Fig.  30  Diagram  illustrating  Difference  in  Temperature  in  an  Oil- 
FiRED  Core  Oven  and  also  the  Effect  of  Opening  Doors  and  Improper 
Control  of  Heat 

had  reached  510  deg.  and  the  upper  one  450  deg.,  there  being  a  differ- 
ence of  60  deg.  between  the  top  and  the  bottom  of  the  oven.  After 
this  anthracite  coal  was  used  in  this  oven  and  the  curves  were  kept 
very  close  to  400  deg.  A  dilTerence  was  found  between  the  top  and 
bottom  shelves  which  was  rarely  less  then  30  deg.  and  under  working 
conditions  sometimes  40  deg.  When  the  oven  contained  cores 
no  difference  was  experienced  as  great  as  that  indicated  at  7  p.  m.  on 
the  chart  shown  in  Fig.  29. 

157  The  diagram  shown  in  Fig.  30  was  taken  on  a  set  of  ovens 
without  changing   their  ordinary  core-room  practice,  the  men  being 
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allowed  to  open  and  shut  doors  or  control  the  temperature  as  they  saw 
fit.  The  ovens  were  of  the  oil-fired  type  and  the  oil  came  from  a 
pipe  line  which  also  supplied  a  battery  of  oil-fired  furnaces.  The 
pressure  in  the  line  varied  greatly  when  these  furnaces  were  started 
or  stopped,  and  unless  corresponding  changes  were  made  in  the  con- 
trol valves  on  the  core  oven,  the  temperatures  of  the  core  oven  would 
increase  or  decrease  in  accordance  with  the  varying  oil  pressure  in 
the  line.     The  oven  was  watched  closely  so  that  the  line  on  the  chart 


Fig.  31  Oil-Fired  Core  Oven  showing  manner  of  attaching  the  Bris- 
tol Recording  Thermometers  for  ascertaining  Differences  in  Temper- 
ature 

could  be  interpreted  very  accurately.  The  record  for  each  ther- 
mometer was  recorded  on  a  separate  chart  but  is  here  drawn  on  one 
chart  to  make  comparisons  more  apparent.  In  this  oven  the  upper 
thermometer,  the  location  of  which  is  clearly  shown  in  Fig.  30,  regis- 
tered the  highest  temperature.  At  11.50  one  of  the  men  opened  one 
of  the  upper  doors  to  take  out  cores  and  left  it  open  for  several  minutes. 
This  made  a  rather  sharp  drop  in  the  line  for  the  upper  thermometer 
\vithout  any  corresponding  drop  in  the  record  of  the  lower  thermome- 
ter. At  12.30  a  man  opened  one  of  the  lower  doors  opiDOsite  the  lower 
thermometer  and  this  resulted  in  a  sharp  drop  of  nearly  30  deg.  in  the 
lower  thermometer.     At  1.10  a  door  located  about  midway  between 
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the  two  thermometers  was  opened  and  both  fell,  the  upper  one  show- 
ing the  greatest  difference  of  a  fall  of  over  20  deg.  while  the  lower  one 
fell  15  deg.  From  11  a.m.  until  1.30  p.m.  melting  furnaces  were 
being  shut  off  and  the  oil  pressure  in  the  line  was  increased  so  that  the 
general  trend  of  both  curves  was  upward,  the  sharp  local  conditions 
being  due  to  the  opening  and  closing  of  doors.  At  1.45  two  of  the 
upper  doors  were  opened  and  a  lot  of  heavy  green  cores  were  put  in. 
Cores  were  also  placed  on  the  third  or  middle  shelf.  This  caused 
the  upper  thermometer  to  show  a  drop  in  temperature  continuing  until 


Fig.  32  Diagram  illustrating  Difference  in  Temperature  in  an  Oil- 
FiRED  Core  Oven  obtained  on  the  Second  Day  the  Thermometers  were 
attached 


2.10.  About  this  time  the  lower  door  was  opened  giving  a  slight  fluc- 
tuation. Just  before  2.30  both  upper  and  lower  doors  on  the  back 
side  of  the  oven  were  opened  and  left  open  for  some  time  and  green 
cores  put  in.  This  resulted  in  a  sharp  drop  of  both  thermometers. 
After  this  there  was  a  gradual  increase  until  3.10  when  one  of  the  lower 
doors  on  the  front  side  of  the  oven  was  opened  and  left  so.  The 
temperature  fell  gradually  for  the  first  few  minutes  and  then  rapidly 
until  the  lower  thermometer  showed  a  drop  of  over  200  deg.     The 
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upper  thermometer  at  the  same  time  fell  about  65  deg.  In  like  man- 
ner the  various  humps  of  the  curve  can  be  explained  tliroughout  the 
day.  About  4.15  the  inciters  commenced  to  cut  off  furnaces  and 
the  oil  pressure  gradually  rose  driving  the  temperature  up  until  6.10, 
when  the  oil  was  shut  from  the  oven,  and  the  curves  for  both  ther- 
mometers fell.  On  the  day  the  chart  shown  in  Fig.  30  was  made  a 
very  large  number  of  cores  was  lost  on  account  of  being  burned.  The 
next  day  an  attempt  was  made  to  control  the  temperature  of  the  oven 
and  keep  it  as  near  400  deg.  for  an  average  as  it  was  possible  to  do. 
The  two  curves  for  this  day  have  been  plotted  together  as  shown  in  Fig. 
32.  In  the  morning  when  the  oven  was  first  started  the  temperature 
was  allowed  to  rise  until  the  upper  thermometer  registered  460  and 
the  lower  one  385.  The  oil  supply  was  then  checked  giving  a  quick 
drop  in  the  temperature  of  both  thermometers.  The  temperature 
picked  up  once  more,  however,  mitil  at  9.50  it  was  again  at  the 
same  figures  which  it  had  reached  at  9.  Here  the  oil  supply  was 
again  checked  when  the  temperatures  dropped  slightly  and  continued 
fairly  uniform  until  1  p.m.  Between  11.30  and  1  it  was  necessary  to 
regulate  the  oil  supply  a  number  of  times  to  hold  the  curve  as  uniform 
as  it  appears  in  this  record.  At  1  o'clock  the  writer  left  the  oven  to 
look  after  some  other  work  and  the  man  in  charge  did  not  regulate  it 
as  closely  as  he  should.  He  did,  however,  check  the  supply  at  2  p.  m. 
and  again  at  3.30,  thus  preventing  the  curve  rising  as  high  as  it  did 
on  the  previous  day.  The  results  obtained  by  baking  the  cores  at 
the  temperatures  recorded  on  the  chart  sho\\ii  in  Fig.  32  were  much 
better  than  those  obtained  the  previous  day  when  the  temperatures 
varied  as  shown  in  chart  29. 

158  If  all  core  ovens  were  equipped  with  recording  thermometers 
and  account  taken  of  the  time  different  cores  were  placed  in  the  oven, 
the  foundryman  would  have  a  record  of  the  baking  temperature  of 
each  batch  of  cores  and  would  thus  be  able  to  trace  irregularities  in 
the  quality  of  the  cores  to  the  baking  temperatures,  if  variations  in 
these  temperatures  were  to  blame.  When  workmen  know  that  a 
recording  instrument  is  watching  them  and  drawing  a  record  of  just 
how  they  maintain  the  temperature  in  the  oven  they  will  look  after 
the  fire  and  the  drafts  and  see  that  the  record  is  a  credit  to  them. 
The  writer  believes  it  is  a  good  thing  to  put  the  recording  ther- 
mometers where  the  foreman  can  see  them  and  then  hold  him  respon- 
sible for  the  results,  for  many  castings  are  ruined  through  bad  cores 
and  the  trouble  laid  at  the  molder's  door  or  considered  a  mysterious 
dispensation  of  {jrovidence. 
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159  Core-Oven  Design.  It  is  not  intended  in  this  i^apor  to  go  into 
an  exhaustive  discussion  of  core-oven  construction,  hut  the  underlying 
principles  of  core-oven  design  will  be  stated.  If  it  is  to  be  efficient  it 
must  be  so  constructed  as  to  maintain  a  practically  uniform  tempera- 
ture throughout  the  entire  drying  chamber.  For  the  best  results 
the  extreme  variations  between  different  parts  of  this  chamber' 
should  not  exceed  60deg.  fahr.  There  also  should  be  a  proper  circula- 
lation  through  the  oven  to  insure  the  carrying  off  of  any  steam  gener- 
ated during  the  first  period  of  drying  of  cores  and  to  afford  an  ample 
amount  of  oxygen  for  oxidizing  and  drying  oil  binders.  Where 
no  oil  binders  are  used  and  the  cores  are  dried  in  batches  it  is  advisa- 
ble to  vary  the  amount  of  circulation  through  the  oven  at  different 
periods  of  the  drying  process  so  as  to  avoid  undue  oxidation  of  cer- 
tain classes  of  binders  toward  the  end  of  the  drying  period. 

160  The  most  common  mistake  made  in  core-oven  design  is  that 
of  locating  the  firebox  too  close  to  the  oven  and  of  discharging  the 
products  of  combustion  into  the  core-drying  chamber  at  too  high  a 
temperature.  This  practice  renders  certain  portions  of  the  oven 
inoperative  for  efficient  baking  on  account  of  the  fact  that  if  any  cores 
were  located  in  these  hot  parts  they  would  be  burned.  In  the  oven 
there  should  be  ample  space  between  the  combustion  chamber,  or 
firebox,  and  the  oven,  or  drying  chamber,  for  the  mixing  of  the 
products  of  combustion  so  that  they  will  have  a  uniform  tempera- 
ture when  entering  the  oven,  and  this  should  be  the  maximum 
baking  temperature  of  the  oven.  The  most  efl&cient  ovens  that 
have  come  under  my  attention  have  all  had  their  firebox  located  at 
some  distance  from  the  oven  proper,  or  else  have  had  a  large  mixing 
chamber  introduced  in  the  flue  between  the  oven  and  the  firebox. 
In  one  case  there  is  a  battery  of  ovens  constructed  with  fireboxes  in 
the  basement  and  the  ovens  are  located  two  stories  above.  The  flues 
are  so  arranged  and  provided  with  dampers  as  to  make  it  possible  to 
control  the  temperature  and  volume  of  the  incoming  gases  entering 
each  oven  or  oven  compartment.  A  provision  of  this  kind  insures 
rapid  drying  without  any  danger  of  burning  the  cores. 

161  Steam-Heated  Core  Ovens.  For  some  classes  of  binders  steam- 
heated  ovens  are  excellent  since  they  insure  control  of  the  tempera- 
ture and  preclude  any  possibility  of  its  rising  above  the  desired  maxi- 
mum. The  fuel  economy  of  the  steam-heated  oven,  however,  is 
very  low,  and  hence  some  form  of  direct  firing  by  carbonaceous  fuel 
is  generally  depended  upon. 
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162  Core-Oven  Fuels.  The  fuel  used  must  be  one  that  does 
not  give  a  smoky  flame  which  would  cover  the  cores  with  soot.  In 
consequence,  anthracite  coal,  coke,  fuel  oil,  and  gas,  are  the  fuels 
commonly  employed.  The  products  of  combustion  from  anthracite 
coal  and  coke  are  carbon  dioxide  with  possibly  a  little  carbon  monoxide 
if  there  is  imperfect  combustion.  With  these  are  mingled  a  large 
amount  of  nitrogen  which  is  passed  through  the  oven  with  the  air 
supply  to  provide  oxygen  for  the  combustion  of  the  solid  carbon. 
All  of  these  gaseous  products  are  efficient  drying  agents  and  have  the 
power  of  absorbing  moisture  and  carrying  it  from  the  core  oven  with 
them. 

163  Turning  to  fuel  oil  or  gas  as  a  means  of  heating  the  oven,  an 
entirely  different  set  of  fuels  is  encountered.  Both  of  these  fuels 
contain  larger  percentages  of  hydrocarbons,  all  of  which  burns  to 
water,  which  passes  off  as  steam  and  as  its  temperature  falls  in  the 
core  oven  it  tends  to  saturate  the  air  with  steam  and  hence  is  not  effi- 
cient as  a  means  of  carrying  moisture  from  the  oven.  In  other 
words,  while  all  of  the  combustible  material  in  oil  or  gas  produces 
heat  when  it  is  first  burned,  the  products  of  combustion  are  of  such  a 
nature  that  much  of  the  heat  is  carried  through  the  oven  locked  up 
in  the  steam  resulting  from  the  burning  of  the  hydrocarbon  compounds 
and  so  is  not  available  for  the  drying  of  cores.  The  exceedingly  high 
thermal  efficiency  of  gas  and  oil,  however,  and  the  fact  that  the  use  of 
fuels  of  this  kind  does  away  with  the  handling  of  coal  or  ash  may  make 
it  advisable  to  use  such  material  though  it  is  not  the  most  efficient 
fuel. 

164  Continuous  Core  Ovens.  In  the  case  of  continuous  ovens  where 
the  cores  are  carried  by  mechanical  means,  care  should  be  taken  to  see 
that  there  is  no  hot  spot  in  the  ovens  where  the  temperature  exceeds 
the  safe  drying  limit  for  the  binder  in  use.  Cores  may  be  made  to 
resist  high  temperatures  by  spraying  the  surface  of  the  cores  to  increase 
the  percentage  of  binder  in  the  surface,  but  this  is  expensive  since  in 
spraying  cores  much  of  the  material  is  wasted,  and  the  operation  itself 
takes  time.  It  is  far  more  economical  to  design  the  oven  so  that  it 
will  bake  the  cores  with  the  maximum  degree  of  rapidity  and  at  the 
proper  temperature,  than  to  try  to  utilize  improperly  designed  ovens 
by  doctoring  the  core-room  practice.  One  advantage  of  continuous 
ovens  over  many  of  the  other  types  is  that  the  temperatures  of  the 
different  parts  may  be  controlled  so  as  to  give  the  most  rapid  and  effi- 
cient drying  possible,  but  this  is  true  only  where  the  cores  are  approxi- 
mately uniform. 
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105  Chamber  Ovens  with  Shelves.  For  chamber  ovens  in  con- 
tinuous use,  the  cores  being  dried  on  individual  shelves,  it  is 
necessary  to  determine  the  condition  of  the  drying  by  inspecting  the 
cores.  In  such  ovens  the  products  of  combustion  usually  rise  and 
pass  out  of  the  top  and  if  there  are  partially  baked  cores  on  the  upper 
shelves  and  subsequently  green  cores  beneath  them,  the  steam  driven 
out  of  the  green  cores  passes  over  the  dry  cores  and  the  moisture 
may,  to  some  extent,  be  absorbed  by  the  dry  cores,  thus  retarding 
their  baking.  In  any  case  the  presence  of  steam  in  the  ascending 
current  of  air  will  retard  the  baking  on  the  upper  shelf.  This  is  one 
reason  why  the  lower  shelves  of  a  drying  oven  frequently  bake  faster 
than  the  upper  shelves,  even  when  the  temperature  of  the  incoming 
gases  is  kept  well  below  the  maximum  allowable  for  the  oven. 

166  Distortion  of  Metal  Parts  of  Core  Ovens.  Core  ovens  have  been 
arranged  in  many  cases  so  that  the  fire  was  1  to  3  ft.  from  the  cores 
being  dried.  The  core  cars  have  often  been  warped  and  bent  out  of 
shape  by  the  fact  that  the  flame  from  the  fireboxes  played  against  them. 
Iron  will  not  be  distorted  at  any  temperature  that  is  safe  for  the  baking 
of  cores,  hence  any  warping  of  any  metal  work  in  the  oven  is  evidence 
of  too  high  temperature.  For  the  proper  regulation  of  the  tempera- 
tures in  core  ovens,  recording  thermometers  should  be  applied  not 
only  to  the  ovens  themselves  but  to  the  main  heat  flues. 

167  Core-Oven  Cars.  For  efficient  core-oven  work  the  car  must  be 
designed  so  that  it  will  support  the  cores  without  any  danger  of  being 
distorted.  The  tracks  for  supporting  the  car  must  also  be  rigidly 
supported  and  kept  in  perfect  condition.  Too  little  attention  is 
given  to  the  design  of  this  part  of  the  core-room  rigging.  A  firm 
installing  a  core  oven  will  frequently  order  from  the  lowest  bidder. 
From  the  day  such  an  oven  comes  into  commission  it  is  a  constant 
expense  in  the  way  of  spoiled  cores  and  time  expended  in  unnecessary 
manipulation  in  getting  the  work  to  and  from  the  oven.  The  core 
trucks  or  cars  should  run  into  the  oven  as  easily  as  any  other  part  of 
the  industrial  transportation  system,  and  there  is  no  need  of  having 
to  bring  a  25-ton  travelling  crane  to  the  front  of  the  core  oven  and 
couple  it  to  the  truck  by  an  intricate  system  of  chains  and  blocks 
in  order  to  shove  5  tons  of  cores  into  the  oven. 

CORE    PASTING,    HANDLING,    AND    STORAGE 

168  With  the  increasing  demands  from  the  designing  department 
for  greater  accuracy  in  finished  castings,  it  has  been  necessary  to 
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improve  the  core-room  rigging  to  insure  the  accurate  fit  and  location 
of  the  cores.  For  convenience  many  cores  are  made  in  halves  so 
that  they  can  be  dried  on  flat  plates.  This  method  also  affords  an 
opportunity  for  the  forming  of  vent  passages  on  the  parting.  Fig. 
33  shows  a  pair  of  half  cores  and  the  vent  block  which  was  used  in 
pressing  vents  in  the  cores.  The  horizontal  strips  attached  to  the 
blocks  press  grooves  in  the  face  of  the  cores  that  lead  the  vent  to  the 
face  of  the  print  and  the  vertical  or  projecting  pins  press  vents  into 


Fig.  33     Block  for  forming  Press  Vents  in  Cores  and  Press-Vented 

Cores 


the  pockets  of  the  core.     After  baking  they  must  be  assembled  and 
pasted  together. 

169  Core-Pasting  Device.  John  Gow  of  the  General  Electric  Com- 
pany has  contrived  and  patented  the  device  for  core-pasting  shown  in 
Fig.  34.  It  consists  of  a  shallow  wooden  box  made  of  pine,  well 
protected  with  shellac.  Through  the  bottom  of  this  box  is  cut  a 
series  of  grooves  corresponding  to  the  line  of  paste  required  to  unite  the 
parts.  The  core  shown  at  the  left  is  laid  in  the  box,  being  guided  into 
place  by  the  three  guide  blocks.  The  box  with  the  core  in  place  is 
then  placed  in  a  tank  containing  2  or  3  in.  of  liquid  paste.     The  box 
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is  pressed  into  the  paste  so  as  to  force  it  up  through  the  groove  into 
contact  with  the  face  of  the  core.  Wlien  the  box  is  lifted  out  once 
more  and  the  core  removed  there  will  be  long  narrow  strips  of  paste 
where  they  are  required  on  the  face  of  the  core.  The  two  halves  of 
the  core  are  then  assembled  and  placed  in  the  drying  oven  to  dry  the 
paste.  This  method  is  economical  of  paste  and  applies  the  material 
very  much  more  rapidly  than  it  could  be  done  by  hand.     It  also 


Fig.  34    Pasting  Device  for  pasting  Split  Cores 


avoids  all  possibility  of  getting  paste  into  the  vents.     Where  dupli- 
cate work  is  to  be  done  it  has  proved  an  excellent  time  saver. 

170  Drying  Pasted  Cores.  After  the  cores  are  pasted  it  is  neces- 
sary to  dry  the  paste  before  introducing  the  cores  into  the  molds.  In 
some  cases  a  torch  is  used  to  dry  the  paste  near  the  edges  of  the  part- 
ing and  the  cores  sent  directly  to  the  mold,  but  the  maximum  adhesion 
of  the  paste  has  not  been  developed  and  the  core  is  likely  to  shift. 
Generally  a  regular  core  oven  is  used  for  drying,  the  pasted  cores 
being  placed  on  plates  and  introduced  on  to  core-oven  cars  or  placed 
in  drawer  ovens. 
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171  A  device  for  pasting  and  drying  cores  in  large  quantities 
is  shown  in  Fig.  35.  The  table  supporting  the  core  plates  consists 
of  angle  iron  legs  Avhich  carry  angle  iron  rails  running  along  the  sides. 
These  in  turn  support  cross  bars  carrying  a  pair  of  ordinary  railroad 
rails  upon  which  the  core  plates  may  be  placed.  The  hood  is  lifted 
off  while  the  cores  are  being  assembled.  The  cores  are  pasted  on 
the  plates  with  the  use  of  suitable  portable  pasting  jigs.  As  soon  as 
one  entire  bench  of  cores  has  been  pasted  the  hood  C  is  dropped  over 


Fig.  35    Portable  Hood  used  in  drying  Pasted  Cores 


the  structure  as  shown.  The  gas  pipes  A  A  are  provided  with  per- 
forations through  their  entire  length  and  when  C  is  dropped  in  posi- 
tion the  gas  is  turned  into  the  pipes  and  lighted.  The  heat  from  the 
gas  jets  issuing  from  the  pipes  AA  rising  under  the  core  plates  B  is 
deflected  by  them  to  the  sides  of  the  hood,  and  surrounds  the  cores 
with  hot  air  so  as  effectually  to  dry  the  paste.  For  ventilation  a  series 
of  small  holes  near  the  top  of  C  is  arranged  as  shown  at  D.  As  soon 
as  one  bench  full  of  cores  is  covered  with  its  hood  and  the  cores  are 
drying  the  workmen  pass  to  the  next  bench  and  begin  to  past(!  cores 
on  it.     By  the  time  they  have  ])asted  them  on  four  or  five  benches 
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tliose  on  the  first  are  dried,  so  that  the  gas  can  be  turned  off,  tlie  liood 
lifted  and  the  cores  removed.  This  scheme  does  away  with  the  han- 
dling of  the  cores  while  the  paste  is  green  and  avoids  possibilities  of 
cores  shifting. 

172  Core-Assembling  Jigs.  For  assembling  automobile  cores  vari- 
ous types  of  jigs  have  been  devised.  The  principle  on  which  these 
jigs  work  is  well  illustrated  in  Figs.  36  to  40.  Fig.  36  represents  a 
jig  for  filing  the  pasting  faces  of  cores.  The  upper  edges  of  this  jig 
are  protected  with  pieces  of  tool  steel  which  have  been  made  as  hard 


Fig.  36    Jig  for  filling  Pasting  Surface  of  Jacket  Cores 


as  fire  and  w^ater  could  make  them,  so  that  they  will  not  be  affected 
by  passing  a  file  over  them.  The  core  is  dropped  into  the  jig  shown  in 
Fig.  36  and  a  coarse  file  passed  over  the  pasting  face  so  as  to  bring  it 
to  a  uniform  surface.  The  core  boxes  are  so  constructed  as  to  allow 
about  0.01  in.  on  the  core  face  for  filing.  The  lower  half  of  the  core 
is  then  placed  in  a  jig  as  shown  in  Fig.  37,  The  paste  is  applied  to  the 
surface  and  the  next  section  of  the  core  placed  in  position  as  shown 
in  Fig.  38.  In  this  case  it  was  a  small  section  at  the  back  of  the  core. 
The  paste  is  then  applied  to  the  next  surface  and  the  upper  half  of 
the  core  is  introduced  as  shown  in  Fig.  39.  In  taking  the  illustration 
a  set  of  unfiled  cores  w^ere  assembled  in  the  jig  so  that  the  parting 
is  not  perfect,  as  it  would  be  in  the  case  of  filed  cores.  After  the  cores 
have  been  assembled  in  the  jig  they  may  be  removed  and  placed  on 
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the  core  plate  for  drying  in  the  oven  or  the  entire  jig  may  be  placed 
in  the  oven  and  the  cores  dried  in  the  jig.     Where  a  limited  number  of 


Fig.  37     First  Section  of  Core  placed  in  Pasting  Jig 


Fig.  38    Pasting  Jig  showing'  Second  Section  of  Coke  in  Place 

cores  is  required  it  is  best  to  dry  the  cores  in  the  jig,  but  with  a  large 
number  the  amount  of  equipment  in  the  shape  of  jigs  would  be  pro- 
hibitive, and  hence  the  cores  are  removed  before  drying. 
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173     Core-Testing  Gages.     After  the  cores  have  been  dried  they  are 
tested  by  means  of  various  gages,  a  set  of  which  is  shown  in  Fig.  40. 


Fig  39    Pasting  Jig  showing  Completed  Core  in  Place 


Fig.  40    Gages  for  Testing  Core 

The  core  is  placed  on  a  steel  plate  and  the  shoulder  at  the  right  is 
filed  off  by  passing  a  file  over  the  hardened  steel  plates  surrounding 
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tliis  portion  of  tlie  core.  Tliis  insures  the  pro])er  length  of  the  core  from 
shoulder  to  shoukler.  The  interior  diameter  of  the  core  istested  witii 
the  star  gage  sliown  at  the  left;  the  exterior  diameter  with  the  caliper 
gage  shown  at  the  right;  and  the  print  by  the  ring  gage  shown  at  the 
upper  left-hand  portion  of  the  illustration. 

174  Where  a  large  output  of  cores  is  required  these  jigs  are  made 
entirely  of  metal,  and  it  is  no  uncommon  thing  for  the  modern  foundry- 
man  to  hold  his  core  work  within  limits  of  a  few  thousandths  of  an 
inch  for  medium  sized  cores  and  within  0.01  in.  for  cores  1  ft.  or 
more  in  diameter  or  length. 

175  The  use  of  core  jigs  is  not  confined  to  small  work  such  as  cores 
in  connection  with  automobile  castings,  but  may  be  applied  to  steam 
engines  or  an}^  large  work.  A  wooden  or  metal  frame  may  be  con- 
structed "with  bearing  points  corresponding  to  the  bearing  points 
which  carry  the  cores  in  the  mold.  The  cores  to  be  tested  can  be  low- 
ered into  one  of  these  jigs  with  the  crane  and  then  by  means  of  suit- 
able gages  the  metal  thickness  that  will  be  left  at  all  points  can  be 
ascertained  before  the  core  is  placed  in  the  mold. 

176  Core-Setting  Jigs  and  Gages.  It  is  also  possi]:)le  to  use  setting 
jigs  for  placing  cores  in  the  mold  to  insure  the  proper  fit  of  the  various 
parts.  Fig.  41  represents  the  drag  half  of  a  cylinder  mold  for  a  large 
gas  engine.  In  this  case  the  cores  are  supported  on  arbors  which  fit 
in  prints  at  the  ends  of  the  molds,  the  prints  being  shown  at  the  front 
and  back  of  the  mold.  Fig.  42  illustrates  the  same  mold  with  the 
main  barrel  cores  in  place  and  the  core  jig  located  over  the  top  of 
the  barrel  cores  to  measure  the  setting  of  the  barrel  cores.  This 
jig  may  be  placed  anywhere  along  the  length  to  see  if  they  are  straight 
and  properly  set  at  all  points.  The  illustration  shows  a  type  of  cylin- 
der for  a  2-cycle  engine,  the  compression  cylinder  being  at  the  right 
and  the  ordinary  working  cylinder  at  the  left.  The  compression 
cyhnder  does  not  need  water  jacketing. 

177  The  drag  half  of  the  mold  with  all  of  the  cores  assembled  is 
shown  in  Fig.  43.  After  the  upper  half  of  the  jacket  core  is  in  place 
a  caliper  gage  may  be  used  to  see  that  the  space  between  the  barrel 
and  the  jacket  is  correct  and  a  gage  similar  to  that  shown  in  Fig.  42 
may  be  used  to  test  the  outside  of  the  jacket  core  if  desired. 

178  Handling  the  Dry  Cores.  The  handling  of  cores  is  of  impor- 
tance. Every  time  a  core  must  be  picked  up  and  set  down  there  is 
danger  of  its  being  broken  and  an  expense  for  the  labor  involved. 
( 'ores  should  pass  from  the  oven  to  the  molder  with  the  fewest  han- 
dlings consistent  with  the  maintenance  of  a  sufficient  stock  of  cores  to 
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insure  continuous  work  in  the  foundry  and  also  with  distribution  of 
the  work  in  the  core  room  so  as  to  allow  the  coremakers  to  complete 
batches  of  a  given  style  of  cores  in  the  most  efficient  manner. 

179  Wliere  the  operations  are  such  that  a  constant  number  of 
standard  cores  are  required  they  should  be  taken  from  the  core-oven 
trucks,  and  placed  directly  on  some  form  of  carrier  which  will  deliver 
them  to  the  molders.  In  the  case  of  small  chunky  cores  such  as  are 
used  in  fitting  shops  the  cores  are  often  piled  into  boxes  and  these  in 


Fig.  41    Mold  fok  Large  2-cycle  Gas-Engine  Cylinder  with  Port  Cores 

IN     PLACE,     SHOWING     SUPPORTS     FOR     CORE     ArBORS 


turn  laid  on  the  trucks  or  on  racks  supported  from  overhead  trolleys 
and  then  transported  to  the  molders.  Where  cores  must  be  passed 
to  a  storage  or  must  be  pasted  subsequently  to  drying,  they  can  be 
taken  from  the  core-oven  trucks,  laid  on  industrial  railway  cars 
and  delivered  to  the  storage  or  pasting  departments  and  to  the 
foundry  as  required. 

180  Handling  Green  Cores.  Where  possible  the  coremaker  should 
place  the  plate  carrying  the  green  cores  either  on  the  shelves  of  the 
core-oven  truck  in  which  it  is  to  be  dried  or  on  a  conveyor  which 
will  carry  the  cores  to  the  core  oven.     For  medium  sized  plants  one 
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of  the  most  efficient  methods  is  to  have  the  core-oven  trucks  so  de- 
signed that  they  will  run  on  tracks  between  the  coremaker's  benches. 
The  coremakers  place  the  cores  on  the  shelves  of  the  truck  and 
laborers  then  run  it  out  from  between  the  benches  to  a  transfer  car 
which  delivers  it  to  the  oven  in  which  the  cores  are  to  be  baked. 
After  the  cores  are  dried  the  truck  carrying  the  dry  cores  may  be 
taken   to   the   core   storage  or  the   dry  cores   may  be   placed   on 


Fig.  42    Mold  for  2-cyci.e  Gas-Engine  showing  lower  half  of  Jacket, 
Cores  and  Barrel  Cores  in  place,  with  Gage  for  testing  Core  Setting 


industrial   railway    trucks   or    carriages   supported   from   a   trolley 
system  and  carried  either  to  the  storage  or  the  foundry. 

181  Protecting  Cores  fro7n  Dampness.  Complaints  are  constantly 
made  to  the  effgct  that  flour,  starch,  dextrine,  or  glutrin  cores 
become  soft  if  left  in  storage.  The  reason  for  this  is  that  if  exposed 
to  moisture-ladened  air  these  cores  will  absorb  moisture.  The  author 
has  seen  a  core  storage  located  in  a  cold  unheated  building  with  the 
exhaust  from  an  engine  playing  past  the  unclosed  windows  so  that 
the  exhaust  steam  came  in  over  the  cores  in  clouds.  They  might  just 
as  well  have  played  water  from  a  hose  over  them  so  far  as  the  effect 
was  concerned. 
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182  On  tlic  otlier  hand,  there  are  a  good  many  heated  core  stor- 
ages. In  most  cases  these  arc  located  over  the  core  ovens  and  take 
advantage  of  the  waste  heat  from  the  core  ovens.  In  other  cases 
they  are  located  over  malleable  annealing  ovens  or  in  any  place 
where  there  is  waste  heat  available.  In  some  other  cases  they  are 
heated  with  steam  coils  or  stoves  fired  with  coke  or  natural  gas.  The 
author  has  seen  flour  cores  taken  from  such  a  heated  storage  and 
used  after  they  had  been  in  storage  for  three  years,  and  they  were 


Fig.  43    Mold  for  2-cycle  Gas-Engine  Cylinder,  Cores  set 


just  as  good  as  the  day  they  were  made.     Glutrin  cores  made  with 
gangway  sand  have  been  used  after  they  were  many  months  old. 

183  In  many  plants  it  is  the  practice  to  leave  cores  standing 
upon  the  molders'  floor  from  one  to  three  days  before  they  are  used 
or  to  introduce  them  into  molds  long  before  they  are  used. 

184  Moisture  in  Molding  Sand.  In  order  to  ascertain  the  mois- 
ture conditions  that  the  core  must  meet  in  the  mold,  samples  of  the 
molding  sand  were  taken  from  many  foundries  in  different  parts  of 
the  country  and  moisture  determinations  made.  The  amount  of 
moisture  used  in  molding  sand  was  found  to  vary  from  less  than  5 
per  cent  to  over  10  per  cent,  and  in  the  same  foundry  it  will  frequently 
vary  3  per  cent  in  a  single  day.     By  watching  the  molding  operations 
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the  author  has  been  able  to  predict  which  molds  woidd  he  U)st 
before  they  were  poured,  and  these  predictions  were  verified  when  a 
badly  blown  casting  was  shaken  out.  In  one  case  the  foundryman 
had  been  blaming  first  the  iron  and  then  the  coremaker,  it  was 
proved  conclusively  that  the  trouble  lay  in  the  too  free  use  of  the 
swab  on  certain  molds.  A  core  made  from  any  of  the  standard 
binders  should  be  able  to  remain  in  the  mold  from  morning  until 
afternoon  without  any  danger  of  its  absorbing  an  excessive  amount 
of  moisture,  providing  the  core  has  not  been  subjected  to  undue 
moisture  in  the  storage  or  the  molding  sand  has  not  been  worked 
too  wet  or  overswabbed. 

185  Location  of  Core  Storage.  The  core  storage  in  any  plant 
should  be  so  designed  and  located  that  the  cores  can  be  handled  with 
the  least  amount  of  labor  and  also  so  that  the  number  of  cores  of  any 
given  kind  on  hand  may  be  ascertained  readily  at  any  time.  The 
placing  of  the  core  storage  on  the  second  floor  usually  makes  it  pos- 
sible to  utilize  some  waste  heat  for  the  protection  of  the  cores,  and 
the  transportation  of  the  cores  to  and  from  the  storage  by  elevator 
adds  but  little  to  the  expense,  as  vertical  transportation  is  very  cheap. 

CORE   MACHINES   AND    CORE    RIGGING 

186  Types  of  Core  Machiries.  Core  machines  in  so  far  as  they 
affect  core  sands  and  core-binding  materials  are  considered  in  this 
paper.  There  are  four  distinct  types  of  core  machines  in  general 
use.  The  best  known  and  probably  the  oldest  type  is  that  which 
corresponds  to  the  hand-rammed  molding  machine.  In  this  case 
the  core  boxes  are  simply  attached  to  a  molding  machine,  the  core 
sand  rammed  in  the  boxes  and  the  machine  used  for  rolling  over  and 
drawing  the  boxes  away  from  the  finished  core. 

187  Another  type  of  machine  which  has  long  been  in  use  is  the 
screw-feed  machine  forming  a  core  through  a  die.  The  plunger-feed 
machine  works  on  the  same  principle  so  far  as  the  die  is  concerned. 
In  a  machine  of  this  kind  the  core  mixtures  must  be  forced  through  a 
die  and  on  to  a  plate.  Such  a  mixture  must  contain  sufficient  green 
binder  to  make  the  core  stand  up  on  the  plate  and  sufficient  oil  to  make 
it  slip  on  the  plate  without  being  torn  up.  These  conditions  are  antag- 
onistic, as  the  green  binder  depended  upon  is  usually  flour  and  the 
core  oil  neutralizes  much  of  the  effect  of  the  flour.  Core  mixtures 
for  use  in  machines  in  which  the  core  is  forced  through  a  die  must 
contain  an  excess  of  binder,  but  the  capacity  of  the  machines  is  usu- 
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jilly  sullicient  to  more  than  pay  lor  tlu;  excess  of  l>iiuler  used.  Such 
cores  usually  vent  fairly  freely  in  spite  of  the  excessive  amount  of 
binder  and  the  reason  for  this  is  that  the  large  amount  of  flour  used 
shrinks  greatly  during  drying,  thus  giving  added  vent  space. 

188  Where  silica  sand  or  a  good  sharp  sand  is  used  as  a  base  with 
a  ])roi)er  binder  the  cores  will  neither  shrink  nor  swell  appreciably 
during  baking,  and  in  fact,  George  H.  Wadsworth  has  succeeded  in 
l)roducmg  botii  square  and  round  cores  which  were  kept  within  lim- 
its of  0.004  in.  over  or  under  a  given  size.  This  is  a  total  allowable 
variation  of  less  than  0.01  in.  Machines  of  this  type,  that  is,  either 
the  screw-feed  or  plunger-feed  machine,  are  extensively  used  for  form- 
ing parallel  sided  stock  cores. 


Fig.  44    Sections  of  Bin  for  storing;  large  Quantities  of  Sand 


189  For  forming  irregular  cores  a  new  type  of  machine  has  come 
on  the  market  Avithin  the  last  few  years.  This  is  known  as  the 
Hulet  machine,  manufactured  &t  Kankakee,  111.  In  this  the  core 
mixture  is  blowTi  into  the  core  box  by  compressed  air  and  the 
packing  accomplished  by  the  impact  of  the  sand  as  it  enters. 

190  The  jar-ramming  molding  machine  was  very  promptly  applied 
to  core  making,  and  a  large  variety  of  special  jar-ramming  machines 
have  been  developed  for  this  purpose.  Jar-rammed  cores  vent 
more  freely  than  hand-rammed  cores  on  account  of  the  fact  that  hand 
ramming  tends  to  form  hard  faces  which  effectually  block  the  flow 
of  the  gases  through  the  mold  and  so  interfere  with  the  vent.  In 
the  case  of  automobile  cylinder  jacket  cores  and  other  intricate  work 
made  from  silica  sand  and  oil  mixtures  jar  ramming  has  almost  elim- 
inated the  use  of  artificial  vents. 
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191  In  the  case  of  large  cores  made  from  pitch  or  black  compound 
mixtures  or  from  anjanixtures  suital)le  for  heavy  work  the  jar-ramming 
machine  can  be  used  with  special  or  ordinary  standard  boxes.  A 
layer  of  facing  sand  is  first  shoveled  in  next  the  core  box,  the  core 
arbors,  and  the  core  bars  are  introduced  together  with  any  coke  or 
other  material  that  may  be  required  to  form  vent  passages,  the 
remainder  of  the  sand  is  then  introduced  and  the  whole  mass  jar- 
rammed,  the  core  arbors  and  core  bars  settling  down  into  the  sand 
as  it  is  rammed.  This  results  in  a  uniformly  rammed  core  which 
does  not  have  a  tendency  to  swell  and  become  irregular  in  drying 
as  is  often  the  case  with  hand-rammed  cores.  Such  a  core  also  vents 
more  freely  than  a  hand-rammed  core. 

192  These  advantages  alone  would  be  sufficient  to  induce  foundry- 
men  to  introduce  core  machines  into  their  foundries,  but  there  is 
the  additional  advantage  of  larger  output  and  the  author  is  convinced 
that  in  the  future  there  will  be  an  increasing  use  of  machines  for 
forming  cores  in  the  foundry.  In  addition  to  the  types  of  machine 
already  specially  referred  to  nearly  every  type  of  molding  machine  has 
found  its  application  in  the  making  of  some  kind  of  special  cores. 
The  roll-over  molding  machine  is  being  used  extensively  for  the  pro- 
duction of  automobile  jacket  cores. 

193  Sand-Handling  Equipment.  Particular  attention  should  be 
given  to  the  storage,  preparation  and  mixing  of  core  sands.  The 
sand  should  be  put  into  storage  at  the  time  of  year  when  it  is  driest, 
as  this  saves  freight  and  also  insures  sand  in  better  condition  for  core 
work.     Gore  sand  should  always  be  kept  under  shelter. 

194  The  method  of  storing  sand  will  depend  largely  upon  the 
size  of  the  plant.  For  comparatively  small  plants  a  series  of  covered 
bins  may  be  arranged  in  the  basement  and  the  sand  introduced  into 
them  through  chutes  in  the  side  of  the  building  from  a  switch  outside 
or  dumped  into  them  through  hatches  in  the  roof. 

195  For  the  storage  of  large  quantities  of  sand,  concrete  bins  are 
best.  Fig.  44  illustrates  the  bin  construction  which  has  been  used  in 
a  large  steel  foundry.  The  bins  are  separated  by  division  walls,  the 
lower  part  of  which  are  made  of  steel  plates  supported  on  angle  irons 
as  shoAvn.  Inside  of  these  low  walls  are  steam  coils  AA,  through 
which  steam  is  circulated  so  as  to  dry  and  thaw  out  any  excessively 
damp  or  frozen  sand  which  may  be  received  in  bad  weather.  Tlie 
upper  part  of  the  wall  between  the  bins  is  simply  composed  of  I- 
beams  bolted  one  on  top  of  the  other.  In  a  case  of  this  kind  the  sand 
can  be  handled  into  the  bins  and  from  there  to  the  foundry  by  means 
of  a  grab  bucket  operated  by  means  of  an  electric  crane. 
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196  For  smaller  plants  some  conveyor  system  is  advantageous, 
the  sand  being  conveyed  from  the  bins  to  the  mixing  machinery  by 
means  of  a  belt  conveyor.  Where  the  cores  are  made  by  hand  the 
core  sand  can  be  delivered  to  the  operators'  benches  either  by  means 
of  boxes  carried  on  trucks  or  supported  from  overhead  trolleys,  or 
by  a  conveyor  system,  but  in  most  cases  the  latter  is  more  compli- 
cated, and  for  this  reason  not  desirable.  Another  objection  to  it 
is  that  in  most  plants  several  core  mixtures  are  in  use  and  in  some 
cases  the  same  operator  may  work  on  different  mixtures  during  dif- 
ferent parts  of  the  day.  For  moderate  sized  plants  working  only 
from  four  to  ten  bench  coremakers,  a  mill  of  the  Wadsworth  type,  that 
is,  a  small  mixing  and  compounding  mill  with  small  rollers  gives 
excellent  results.  The  centrifugal  core-mixing  machine  made  by 
William  Sellers  &  Company,  Inc.,  of  Philadelphia,  has  a  larger  capacity 
and  is  used  in  many  plants. 

197  The  experiments  tried  in  the  mixing  of  sands  at  different 
foundries  indicate  that  for  all  sharp  sand  mixtures  the  sands  should 
be  thoroughly  mixed  but  not  ground,  and  for  this  reason  a  paddle 
mixer  working  on  the  principle  of  the  ordinary  pug  mill  used  in  brick 
manufacture  is  suitable.  The  Standard  Sand  and  Machine  Company 
of  Cleveland,  Ohio,  were  pioneers  in  the  making  of  this  class  of  ma- 
chinery and  have  developed  combination  paddle  mixing  and  grinding 
machines  suitable  for  various  core  mixtures  and  various  capacities. 
In  any  case  the  plant  should  be  equipped  with  some  kind  of  mixing 
machinery,  for  hand  mixing  is  not  only  expensive,  but  is  not  capable 
of  uniform  production  and  hence  an  excessive  amount  of  binder 
would  be  used. 
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peltwirkende.     Dinglers  Polytechnisches  Journal,  August  12,  1911.     3  pp. 

4  figs.     B. 

Describes  the  construction  of  a  2-cycle  suction  gas  engine  with  3  double-acting  cylinders. 

ScHUTZE  DER  Gas  und  Wasserrohren  gegen  schadliche  Einwirkungen 
DER  Strome  elektrischer  Gleichstrombahnen,  die  die  Schienen 
als  Leiter  benutzen.  Journal  fiir  Gas  und  Wasserversorgung,  June  10, 
1911.     8  pp.,  2  figs.    fA. 

From  Vereln  deutscher  Gas  und  Wasser  Fachmanner.  Laws  and  regulations  for  the  protection  of 
gas  and  water  pipes  against  the  deteriorating  influence  of  the  electric  current.  Direct  current  for 
surface  car  using  the  rails  as  a  leader  for  the  current. 
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STKKiKKUNU    DKlt    HlMCZlFlSCHEN    LkISTUNCJ    VON    ViKKTAKT-GASMASCHINEN    MIT 

Dkuckluftspulung,  W.  llellinunii.  ZciUckriJt  des  Vereines  deulscher 
Imjenieurc,  July  29  and  August  5,  1911.  11  pj).,  14  figs.,  3  tables,  (i  curves. 
hej. 

On  the  Increased  efliclency  of  4-cycle  gas  engines  using  compressed  air  rinsing.     Also  extracted  In 
Stahl  und  Elsen,  August  10,  1911. 

TuKBiNE  Problem,  A  Suggested  Solution  of  the  Gas.,  B.  H.  Blaisdell. 
Power,  September  5,  1911.     2  pp.,  1  fig.,  1  table,     c. 

Describes  a  combustion  chamber  which  fills  with  the  combustible  mixture  before   Ignition,  and 
when  combustion  occur.s  it  is  so  rapid  as  to  be  practically  an  explosion. 

Valve  for  Large  Engines,  Precision  Mixing.     Engineering,   September  1, 
1911.     1  p.,  2  figs.     b. 


GENERAL  NOTES 

NEW    ENGIiAND     WATER    WORKS    ASSOCIATION 

The  annual  convention  of  the  New  England  Water  Works  Association  was 
held  at  Gloucester,  Mass.,  September  13-15,  1911,  with  headquarters  at  the 
Hawthorne  Inn.  The  following  papers  were  presented  and  discussed :  Coming 
Efficiency  in  Water  Works  Management,  W.  H.  Richards;  The  Filtration  of 
Salt  Water,  R.  S.  Weston;  Hudson  River  Crossing  of  the  Catskill  Aqueduct, 
Robart  Ridgway;  A  Short  Account  of  Some  Purification  Experiments  with  a 
Surface  Water  in  Queenland,  Australia,  Hardolph  Wasteneys;  Organization  and 
Efficiency;  E.  M.  Peck;  Protection  of  Steel  Pipes  in  the  Catskill  Aqueduct. 

INTERNATIONAL    CONGRESS    OF    THE    APPLICATIONS     OF    ELECTRICITY 

An  International  Congress  of  the  Applications  of  Electricity  was  held  at 
Turin,  Italy,  September  9-20,  1911,  on  the  initiative  and  under  the  auspices  of 
the  Italian  Electrotechnical  Association  and  of  the  Italian  Electrotechnical 
Committee,  during  the  period  of  the  International  Exhibition  of  Industry  and 
Labor.  Among  tlie  subjects  presented  for  discussion  were:  Electrical  and  me- 
chanical characteristics  of  modern  electric  generators,  with  special  reference  to 
very  high-speed  machines,  Underground  high  tension  networks  in  metallic 
connection  with  overhead  lines;  The  problem  of  frequency  transformation; 
Overhead  line  construction  for  electric  railways;  Rational  methods  of  commer- 
cial measurement  of  electric  power;  Automatic  telephone  exchanges  as  a  means 
of  economy  and  improvement  in  telephonic  communication  in  large  cities;  Dis- 
tribution of  electric  power  for  agricultural  purposes. 

INSTITUTE    OF    OPERATING    ENGINEERS 

The  first  annual  meeting  of  the  Institute  of  Operating  Engineers  was  held 
in  the  Engineering  Societies  Building,  New  York,  September  1-3,  1911.  Short 
addresses  were  made  by  the  following:  F.  R.  Low,  Mem.  Am.  Soc.  M.  E.,  The 
Operating  Engineer's  Future;  D.  B.  Heilman,  The  Engineer's  Place  in  the  Com- 
munity; A.  C.  Dougall,  The  Employer  and  the  Engineer;  James  A.  Pratt, 
Mem.  Am.  Soc.  M.  E.,  A  Method  of  Teaching  Operating  Engineering;  also  by 
W.  D.  Ennis,  Mem.  Am.  Soc.  M.  E.,  and  F.  H.  Sykes.  The  following  papers 
were  presented  for  discussion:  Temperature  Changes  and  Heat  Transmission, 
V.  P.  Rupp;  A  Boiler  Room  Analysis  of  Coal,  J.  P.  Fleming;  Cooling  Towers 
vs.  Steam  Pumps,  H.  B.  Geare;  Engine  Lubrication,  R.  D.  Tomlison;  Reduction 
of  Lubricating  Costs  in  Smelter  Power  Plants,  G.  L.  Fales;  Removing  Emulsi- 
fied Oil  from  Condensed  Water,  Darrow  Sage. 
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AMERICAN    SOCIKTY    OF    CIVIL    ENGINEERS 

A  paper  by  G.  B.  Francis  and  J.  H.  O'Brien  on  The  New  York  Tunnel  Exten- 
sion of  the  Pennsylvania  Railroad :  Certain  Engineering  Structures  of  the  New 
York  Terminal  Area,  was  presented  at  the  opening  meeting  of  the  season  of 
1911-1912  of  the  American  Society  of  Civil  Engineers  in  New  York,  September 
6.  Mule-Back  Reconnaisances  and  Economics  Canal  Location  in  Uniform 
Countries  was  presented  for  discussion  at  the  September  20  meeting. 

AMERICAN    PEAT    SOCIETY 

The  annual  meeting  of  the  American  Peat  Society  was  held  at  Kalamazoo, 
Mich.,  September  21-23,  1911.  The  papers  described  the  Canadian  Govern- 
ment fuel  plant  at  Alfred  and  those  interested  inspected  a  peat  fuel  plant  in 
operation.  The  work  of  draining  300,000  acres  of  swamp  land  in  North  Caro- 
lina was  also  described  in  a  paper  by  Joseph  H.  Pratt. 

ROADMASTERS'    AND    MAINTENANCE    OF    WAY    ASSOCIATION 

The  annual  convention  of  the  Roadmasters'  and  Maintenance  of  Way  Asso- 
ciation was  held  at  the  Southern  Hotel,  St.  Louis,  Mo.,  September  12-15,  1911. 
The  subjects  for  committee  reports  were  as  follows:  Use  of  manganese  steel 
for  frog,  switches  and  crossings;  Is  it  economy  to  use  soft  ties  for  track  and  at 
switches;  How  to  remedy  soft  spots  in  roadbed;  Motor  cars  for  section  work; 
Concrete  and  steel  ties;  Treated  wood  ties;  Emergency  stock  of  tools;  New  ap- 
pliances for  track  and  maintenance  work. 

AMERICAN    ASSOCIATION    FOR    LABOR    LEGISLATION 

A  conference  was  held  under  the  auspices  of  the  American  Society  for  Labor 
Legislation  at  the  Auditorium  Hotel,  Chicago,  111.,  September  15-16, 1911.  One 
of  the  subjects  was  the  Standardization  for  Accident  Prevention  in  which  the 
following  took  part:  John  Calder,  Mem.  Am.  Soc.  M.  E.,  on  Scientific  Accident 
Prevention;  Edgar  T.  Davis,  Safety  Standards  through  State  Inspection; 
Robert  J.  Young,  Practical  Safety  Devices.  This  was  followed  by  discussions 
on  Administration  by  Commissions,  Uniform  Accident  Reports,  Administra- 
tion of  Workmen's  Compensation  Acts.  A  business  meeting  of  the  general 
administrative  council  of  the  association  for  the  discussion  of  an  immediate 
legislative  program  closed  the  conference  and  was  as  follows :  (a)  Prohibition 
of  poisonous  phosphorus  in  the  manufacture  of  matches;  (6)  Investigation  of 
occupational  diseases;  (c)  Reporting  of  industrial  accidents  and  injuries; 
(d)  Enforcement  of  labor  laws.  A  special  feature  of  all  the  sessions  was  ex- 
hibits of  photographs  and  charts  illustrating  the  topics  discussed. 


PERSONALS 

Charles  U.  Carpenter,  formerly  president  of  the  Herring-Hall-Marvin  Safe 
Co.,  Hamilton,  O.,  has  been  elected  president  of  the  Fire-Proof  Furniture  and 
Construction  Co.,  Miamisburg,  O.,  and  vice-president  of  the  Republic  Motor 
Car  Co.,  Hamilton,  O. 

Henry  R.  Cornelius  who  was  connected  with  the  Southward  Foundry,  and 
Wisconsin  Engine  Companies,  in  the  capacity  of  sales  manager,  has  accepted 
a  similai  position  with  the  Mesta  Machine  Co.,  Pittsbuigh,  Pa. 

Charles  I.  Corp  has  been  appointed  associate  professor  of  mechanical  engi- 
neering. University  of  Kansas,  Lawrence,  Kan. 

Ed.  G.  BuBarry  has  accepted  a  position  with  the  Minneapolis  Steel  and  Ma- 
chinerj^Co.,  Minneapolis,  Minn.  He  was  formerly  identified  with  the  Duquesne 
Steel  Works,  Duquesne,  Pa.,  in  the  capacity  of  draftsman. 

Walter  B.  Gump  has  been  placed  at  the  head  of  the  electrical  school  which 
has  been  started  by  the  Young  Men's  Christian  Association  at  Los  Angeles, 
Cal. 

Edwin  M.  Herr,  who  since  1905  has  been  vice-president  in  active  charge  of 
the  manufacturing  and  commercial  operations  of  the  Westinghouse  Electric 
&  Manufacturing  Co.,  was  elected  permanent  president  of  the  corporation. 

Winslow  H.  Herschel  has  been  appointed  assistant  professor  of  mechanical 
engineering,   University   of  Maine,    Orono,   Me. 

James  D.  Hoffman,  formerly  professor  of  engineering  design  of  Purdue  Uni- 
versity, Lafayette,  Ind.  has  become  connected  with  the  University  of  Ne- 
braska, Lincoln,  Neb. 

O.  P.  Hood,  head  of  the  departments  of  mechanical  and  electrical  engineering 
of  the  Michigan  College  of  Mines,  Houghton,  Mich.,  has  accepted  an  appoint- 
ment as  chief  mechanical  engineer  of  the  United  States  Bureau  of  Mines,  and 
will  make  his  headquarters  in  Pittsburgh,  Pa. 

John  H.  Kelman  has  become  identified  with  the  Witherbee  Igniter  Co., 
Springfield,  Mass.  Mr.  Kelman  was  formerly  superintendent  of  construction 
of  the  National  Electric  Signaling  Co.,  Brant  Rock,  Mass. 

James  Lyman  has  become  associated  with  Sargent  &  Lundy,  Chicago,  111* 
He  was  until  recently  district  engineer  of  the  General  Electric  Co.,  Chicago, 
111. 
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Horace  J.  Macintire  has  been  appointed  instructor  of  mechanical  engineer- 
ing, Carnegie  Technical  .Schools,  Pittsburgh,  Pa.  He  was  formerly  instructor 
in  the  engineering  department  of  Harvard  University,  Cambridge,  Mass. 

F.  M.  Marquis,  formerly  associated  with  the  railway  engineering  department 
of  the  University  of  Illinois,  Urbana,  111.,  has  accepted  a  position  in  the  turbine 
research  department  of  the  General  Electric  Co.,  West  Lynn,  Mass. 

Robert  F.  Massa  has  entered  the  service  of  H.  W.  Johns-Manville  Co.,  New 
York.  He  was  formerly  associated  with  the  Creamery  Package  Manufactur- 
ing Co.,  Albany,  N.  Y. 

J.  E.  Powell  of  Washington,  D.  C,  has  resigned  his  position  of  chief  mechan- 
ical and  electrical  engineer  in  the  office  of  the  supervising  architect.  Treasury 
Department.    Mr.  Powell's  resignation  was  due  to  ill  health. 

H.  F.  J.  Porter  has  been  appointed  expert  adviser  on  fire  prevention  to  the 
Factory  Investigation  Commission  appointed  by  the  New  York  State  Legisla- 
ture, as  a  result  of  the  Asch  building  fire  in  January  last. 

Manning  E.  Rupp  has  accepted  a  position  as  mechanical  engineer  with 
Stanley  G.  Flagg  &  Co.,  Philadelphia,  Pa.  Mr.  Rupp  was  formerly  in  the 
department  of  construction  and  engineering  of  the  Isthmian  Canal  Commission, 
at  Panama  and  later  associated  with  John  W.  King,  consulting  engineer, 
New  York. 

Walter  G.  Scott  has  assumed  the  duties  of  factory  manager  and  production 
engineer  with  the  Jenkins  Motor  Car  Co.,  Rochester,  N.  Y.  He  was  until 
recently  connected  with  the  Cyclone  Drill  Co.,  Orville,  O.,  in  the  capacity 
of  production  engineer  and  systematizer. 

Harry  E.  Smith  has  been  appointed  assistant  professor  of  mechanical  engi- 
neering of  the  Agricultural  and  Mechanical  College  of  Texas,  College  Station, 
Tex.  Mr.  Smith  was  formerly  professor  of  mechanical  engineering  of  the 
James  Milliken  University,   Decatur,    111. 

Charles  E.  Torrance,  formerly  instructor  of  experimental  engineering,  Sibley 
College,  Cornell  University,  Ithaca,  N.  Y.,  has  become  associated  with  the 
Northampton  Emery  Wheel  Co.,  Leeds,  Mass. 

K.  O.  Truell  has  entered  the  service  of  the  Virginia  Portland  Cement  Co., 
Fordwick,  Va.  He  was  until  recently  associated  with  the  Colloseus  Cement 
Co.,  New  York. 

Geo.  L.  Watson  has  resigned  as  chief  engineer  of  the  United  Paving  Co., 
Atlantic  City,  N.  J.,  and  as  superintendent  for  Lockwood  &  Cherry  of  the  same 
city,  and  has  opened  an  office  as  consulting  civil  engineer  in  the  Land  Title 
Building,  Philadelphia,  Pa. 

Burt  C.  Wear  has  entered  the  employ  of  the  Youngstown  Sheet  and  Tube 
Co.,  Youngstown,  O.  He  was  formerly  connected  with  the  Steel  Roof  Truss 
Co.,  St.  Louis,  Mo. 

W.  H.  Whiteside,  formerly  president  of  the  AUis-Chalmers  Co.,  Milwaukee, 
Wis.,  was  elected  president  of  the  Stevens-Duryea  Automobile  Co.  of  Chicopee 
P^alls,  Mass. 


ACCESSIONS  TO  THE  LIBRARY 

With  Comments  by  the  Librarian 

This  list  Includes  only  accessions  to  the  library  of  this  Society.  Lists  of  accessions  to  the  librar- 
ies of  the  A.  I.  E.  E.  and  A.  I.  M.  E.  can  be  secured  on  request  from  Calvin  W.  Rice,  Secretary, 
Am.  Soc.  M.  E. 

Architecture,  Engineering  and  the  Building  Law,  D.  H.  Ray.  (Reprinted 
from  School  of  Mines  Quarterly,  vol.  32,  no.  4).     Gift  of  the  author. 

Automobile  Engineering  1911.     Annual.     London,  1911. 

Berechnen  und  Entwerfen  der  Schiffskessel.  Hugo  Buchholz  and  Hans 
Dieckhoff.     Berlin,  1910. 

Bureau  of  Railway  Economics.  Capitalization  and  Dividends  of  the  Rail- 
ways of  Texas,  1909.     Bull.  no.  18.     Washington,  1911. 

Comparative  statement  of  physical  valuation  and  capitalization.  Wash- 
ington, 1911. 

Conflict  between  federal  and  state  regulation  of  the  railways.     Bull. 

no.  15.     Washington,  1911. 

Railway  wage  increases  for  the  year  ending  June  30,  1911.  Retrench- 
ment in  the  Railway  Labor  force  in  1911.     Bull.  no.  17.     Washington,  1911. 

— ■ Summary  of  revenues  and  expenses  of  steam  roads  in  the  United  States 

for  May  1911.     Bull.  no.  16.     Washington,  1911.     Gift  of  the  bureau. 

Die  Dampfturbinen,  A.  Stodola.     Ed.  4.     Berlin,  1910. 

Entwerfen  und  Berechnen  der  Dampfmaschinen,  H.  Dubbel.  Ed.  3. 
Berlin,  1910. 

Flies  and  Mosquitoes  as  Carriers  of  Disease,  W.  P.  Gerhard.  New  York, 
1911.     Gift  of  the  author. 

Conference  faite  a  l' Aero-Club  de  France  la  27  Mai  1911  sur  la  Resis- 
tance DE  l'Air  et  l' Aviation,  G.  Eiffel.  (Extrait  de  I'Aerophile.  June 
15,  1911.)     Paris,  1911.     Gift  of  the  author. 

Government  Contracts.  The  decision  of  the  Boston  Dry  Dock  Case.  (Re- 
printed from  Engineering  Record,  March  11,  1911).  Washington.  Gift  of 
Messrs.    King    and    King. 

Handbuch  tJBER  Triebwagen  FXJR  EiSENBAHNEN,  C.  GuiUcry.  Miinchen, 
1908. 

Imperial  College  of  Science  and  Technology  and  City  and  Guilds  of 
London  Institute.  Calendar  of  the  Imperial  College  (Engineering). 
Pt.  4,  1911.     London,  1911.     Gift  of  the  college. 

Indikator    und    seine    Hilfseinrichtungen,    Anton    Staus.    Berlin,  1911. 

Institution  of  Civil  Engineers.  Report  of  the  Conference  held  June  28, 
29,  1911.  Education  and  Training  of  Engineers.  (Reprinted  from  The 
Times,  July  5,  1911).     London,  1911. 

International  Railway  Fuel  Association.  Proceedings  of  the  3d  annual 
convention.     Chailanooga.,    1911.     Gift   of   the    association. 
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KoNDENSATiON,  F.  J.  Weiss.     Ed.  2.     Berlin,  1910. 

KoNDENSATioN  DBR  Dampfmaschinen  und  Dampfturbinen,  Karl  Schmidt. 

Berlin,   1910. 
Louisiana  State  University.    Announcement  of  the  College  of  Engineering 

for  1911-1912.     Baton  Rouge,  1911.     Gift  of  the  university. 
McGiLL  University,  Montreal.    Announcement  of  the  Faculty  of  Applied 

Science,  1911-1912.     Montreal,  1911.     Gift  of  the  university. 
Marine  Engineer.     Vol.  23,  nos.  271-276;  vol.  24,  nos.  277-284;  vol.25,nos. 

292-300;  vols.  26-32.     London,  1901-1910.     Gift  of  T.  J.  Smith. 
Massachusetts  Board  of  Railroad  Commissioners.    39th  Annual  Report, 

1907.    Boston,  1908.     Gift  of  the  board. 
Monthly  Official  Railway  List.    August  1911.    Nero  York,  1911.     Gift  of 

the  Railway  List  Company. 
Municipal  Engineers  of  the  City  of  New  York.     Proceedings,  1910.     Ncio 

York,  1911.     Gift  of  the  Municipal  Engineers  of  the  City  of  New  York 
New  York  City  Department  of  Docks  and  Ferries.     Report  on  Physical 

Characteristics  of  European  Seaports,  1911.     New  York,  1911.     Gift  of  the 

Commissioner  of  Docks. 
The  Rudder.     Vols.  12-15.    New  York,  1901-1904.     Gift  of  T.  J.  Smith. 
Testing  of  Engines,  Boilers  and  Auxiliary  Machinery,  W.  W.  F.  Pullen. 

Ed.  2.     Manchester,  Scientific  Publishing  Co.,  1911. 

The  first  e  lition  of  this  work  was  published  In  1900.  The  progress  of  engineering  since  that  time  has 
necjssitated  an  almost  entire  re-writing  of  the  text ,  and  the  addition  of  a  large  number  of  Illustrations. 
The  volume  is  devoted  to  methods  and  apparatus,  no  references  being  given  to  tests  which  have  been 
made.  The  last  chapter  treats  of  the  methods  of  testing  internal-combustion  engines.  Frequent 
acknowledgment  is  made  of  indebtedness  to  the  publications  of  The  American  Society  of  Mechanical 
Engineers  for  descriptions  of  testing  methods. 

Die  Thborie  der  Wasserturbinen,  Rudolf  Eacher.     Berlin,  1908. 
Traveling  Engineers'  Association.     Committee  Reports  and  Subjects  for 

Discussion.     19th  Annual  Meeting,  1911.     Gift  of  the  association. 
Werkstatt-Betrieb  und  Organisation  mit  besonderem  Bezug  auf  Werk- 

statt-Buchfuhrung,  p.  R.  Grimshaw.     Ed.  3.     Hannover,  1908. 
World  Trade  Directory  for  the  Promotion  of  American  Export  Trade. 

1911.     Washington,  1911. 

EXCHANGES 

American  Society  of  Civil  Engineers.     Transactions,  vol.  73.     New  York, 

1911. 
American  Society  of  Heating  and  Ventilating  Engineers.     Transactions, 

vol.  15.     New  York,  1909. 
Institution  OF  Civil  Engineers.     Minutes  of  Proceedings,  vol.184.     London, 

1911. 
Western  Society  of  Engineers.     Constitution,  List  of  Membei-s  and  Officers, 

1911.     Chicago,  1911. 

UNITED  ENGINEERING  SOCIETY 

Rhodesia  Chamber  of  Mines.     16th  Annual  Report,  1910.     Ca-pe  Town,  1911. 
Gift  of  the  Rhodesia  Chamber  of  Mines. 
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HuTTERFiELD  &  Co.,  Derby  Line,  Vt.  Taps,  screw  plates,  reamers,  discs  and 
tools,  96  pp. 

Cutler-Hammer  Co.,  Mihoaukee,  Wis.  The  Thomas  meter  for  recording  the 
quantity  of  flow  of  gases,  32  pp. 

Duncan  Elec.  Mfg.  Co.,  Lafayette,  Ind.  Bull.  no.  20,  Duncan  direct-current 
watt-hour  meter,  24  pp. 

General  Electric  Co.,  Schenectady,  N.  Y.  Bull.  no.  4802,  Type  H  trans- 
former, 16  pp.;  Bull.  no.  4818,  Couplings,  9  pp.;  Bull.  no.  4829,  Electric 
locomotives  for  industrial  railways,  17  pp. ;  Bull.  no.  4382  Commutating  pole 
generators,  6  pp.;  Bull.  no.  4835,  Electrically  driven  pumps,  18  pp.;  Bull, 
no.  4836,  General  Electric  steam  flow  meter,  16  pp.;  Bull.  no.  4845,  Curtis 
steam  turbine  generators  of  100-1000  kw.  capacity  at  3600  r.p.m.,  15  pp.; 
Bull.  no.  4846,  Alternating-current  switchboard  panels,  18  pp.;  Bull.  no. 
4847,  Belt-driven  alternators,  form  B,  5  pp.;  Bull.  no.  4848,  Automobile 
instruments,  3  pp.;  Bull.  no.  4849, Motor-generator  sets,  19  pp.;  Bull.  no. 
4850,  Edison  Mazda  lamps,  26  pp. ;  Bull.  no.  4851,  Electricity  in  the  service 
of  steam  railroads,  47  pp.;  Bull.  no.  4852,  50-ton  electric  locomotives,  11 
pp.;  Bull.  no.  4853,  Electric  arc  headlights,  14  pp.;  Bull.  no.  4855,  Gas- 
electric  motor  car,  29  pp.;  Bull.  no.  4856,  U.  S.  13  roller-bearing  trolley 
bases,  3  pp.;  4  stereofotos  of  electrical  instruments,  4  pp.;  Bull.  no.  4863, 
Metallized  filament  lamps,  9  pp.;  Bull.  no.  4866,  Thompson  horizontal 
edgewise  instruments  for  switchboard  service,  15  pp.;  Bull.  no.  4867,  Elec- 
tric locomotives  of  25-ton  type,  15  pp.;  Bull.  no.  4870,  100-ton  electric  loco- 
motives 18  pp.;  Bull.  no.  4872,  Transformer,  oil  dryer  and  purifier,  9  pp. ; 
Bull.  nos.  4837-4842,  Infolder  of  circuit  brakes  of  various  types,  147  pp. 

Goulds  Mfg.  Co.,  Seneca  Falls,  N.  Y.  Bull.  no.  105,  Single-stage  suction  cen- 
trifugal pump,  16  pp. 

Hess-Bright  Mfg.  Co.,  Philadelphia,  Pa.  Index  cards  for  the  Hess-Bright 
ball  bearing  data  sheets,   10  cards. 

Vulcanite  Portland  Cement  Co.,  Philadelphia,  Pa.  Concrete  in  the  country 
112  pp.;  Hair  cracks  or  crazing  on  cement  surfaces,  8  pp.;  Suggestions  on 
cement  sidewalk  paving,  32  pp.;  Reinforced  concrete  for  houses,  26  pp.; 
Concrete  surface  finishes,  12  pp. 


employmp:xt  btlletin 

The  Society  has  aln-ays  cor.  -  -  pecial  obligation  and  pleasant  duty  to  be  the  medium 

of  securing  better  positior.5  f  :  --'.     The  Secretary  gives  this  his  jjersonal  attention 

and  is  most  anxious  to  r  -  positions  and  for  men  available.     Notices  are 

not  repeated  except  up.:  y  for  notic>?«  in  this  Bulletin  should  be  received 

before  the  12th  of  the  mor.:-..     T;.e  ;i=:  ::'  t:.--t.  availa  ;p  of  members  of  the  Society 

and  these  are  on  file,  with  the  names  of   other  good  embers  of    the  Society,  who 

are  car-'  -      '  -'■-:• -■-'-  -"sitions.      Ir,f-— -    ■  sent  upon  application. 


POSITION'S    AVAILABLE 

0117  Wanted  by  Ohio  company  building  stationary  engines,  an  energetic 
and  competent  engineer  to  take  charge  of  the  shop  as  superintendent.  Must 
be  familiar  with  modem  methods  of  turning  out  work  and  able  to  put  them  into 
practice.     Good  opportunity  for  right  party. 

0118  Mechanical  engineer,  college  graduate,  three  years'  experience  or  more 
in  general  industrial  plant  engineering,  machine  and  building  design,  concrete 
and  steel  construction.  State  salary,  age  and  qualifications.  Location  within 
7.5  miles  of  Xew  York.    Xo  one  who  can  not  make  good  need  applj'. 

0119  Three  or  four  men  for  selling  end,  principally  in  vicinity  of  Boston, 
Chicago  and  Saint  Louis;  must  have  had  actual  engineering  experience  around 
steam  plants  as  well  as  selUng. 

0120  Designer  for  automobile  bodies.  Salary  $25  week  to  start.  Communi- 
cate directly  with  Employment  Bureau.  Pierce-Arrow  Motor  Car  Co.,  Buffalo. 
X.  Y. 

0121  Master  mechanic  capable  of  handUng  repair  department  of  finishing 
works.  Must  be  first-clas.s  executive,  good  disciplinarian  and  able  to  turn  out 
the  work  at  minimum  cost :  only  thoroughlj^ equipped  and  experienced  man  need 
appl}-.     State  f ,  ideations,  experience,  age  and  salary  desired. 

MEN"   AVAILABLE 

280  Member,  extensive  e.xperience  as  sui>erintendent  and  works  manager 
desires  position  with  machine  shop,  foundrj-,  etc.,  making  engines,  turbines, 
pumps,  air  compressors  or  similar  lines. 

281  Member,  20  years"  experience  in  engineering  educational  work,  includ- 
ing shops,  drafting,  lectures,  laboratory  and  administration,  with  special  refer- 
ence to  mechanics,  steam,  hydraulic  and  industrial  engineering  and  power 
plants:  open  for  engagement  at  close  of  present  term  of  contract. 
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282  Student  member,  mechanical  engineer,  at  present  employed  as  chief 
draftsman,  desires  position  with  consulting  engineer.  Four  years'  drafting 
experience  in  automatic,  conveying,  automobile  and  clay-working  machinery, 
also  plant  design  and  some  civil  engineering.     Good  references. 

253  Associate  member.  20  years'  experience  selling  machinery,  wishes  to 
represent  manufacturer  whose  product  is  marketable  in  southern  California. 

254  Chief  draftsman  on  steiun  design  of  power  stations  desires  position  with 
firm  of  consulting  engineers.  Experience  in  designing,  construction.  ins|>ection 
and  testing.     Age  29  years. 

285  Mechanical  ongiuoer.  graduate  Mass.  Inst.  Tech..  eight  years'  exper- 
ience in  designing  and  manufacturing  feed-water  heaters,  coiled  and  bent  pipe, 
also  several  years'  experience  in  manufacture  and  sale  of  radiators  and  sheet 
metal  parts  for  automobiles. 

2S6  Competent  commercial  engineer,  age  35,  Member,  at  present  engaged 
as  manager  of  industrial  plant,  desires  new  connection;  experienced  organizer 
and  systematizer ;  14  years'  experience  embracing  mechanical,  electrical,  hydrau- 
lic and  g;is  engineering.  Successively  and  successfully  held  positions  of  assis- 
tant superintendent,  superintendent,  general  superintendent  and  manager  of 
industrial  plants. 

2ST  Graduate  of  Cornell.  Twonty-tivo  years'  broad  experience  in  manu- 
facturing and  steam  enginooring.  including  design,  installation  and  contract- 
ing for  power  and  heating  plants. 

255  Junior,  would  like  to  connect  with  manufacturing  company  as  superin- 
tendent or  assistant  of  plant,  being  responsible  for  up-keep,  design  and  con- 
struction of  additions  or  changes,  or  position  with  contracting  engineer  with 
an  opportunity  to  form  partnership. 

2S*>  Member,  technical  education  and  training.  12  years'  experience,  ma- 
chine, mill,  and  power-house  design,  <nspectii\g.  estimating,  corresponding, 
itflice  work.  etc.     Desires  chai\ge  of  position. 

2W  Associate,  technical  graduate,  12  years'  wide  and  general  experience 
designing  and  constructing  factory  and  miscellaneous  railway  buildings, 
power  and  industrial  plants.  Familiar  with  street  railway  engiiiooriug  work. 
Location  preferably  Xow  York  or  vicinity. 

291  Mombor.  technical  graduate,  present  position  factory  superintendent, 
desires  to  make  a  change:  prefers  Fast  or  Middle  West.  Twelve  years'  super- 
vision of  work,  thoroughly  fanviliar  with  locomotive  construction  and  design, 
some  experience  with  gas  engine  and  general  machine  work.  Familiar  with 
modern  shop  organization,  piece  work  and  bonus  systems. 

292  .Associate,  desires  to  locate  in  the  Fast,  preferably  r.ear  Pliihulelphia  or 
New  York.  Fifteen  years'  experience  as  draftsjuan,  squad  foreman  and 
checker,  on  blast  furnaces,  steel,  rolling,  pip-^  .and  tube  mills,  coke  ovens  ami 
chemical  apparatus. 
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293  Mechanical  engineer,  nine  years'  varied  experience  along  mechanical 
and  electro-metallurgical  lines,  associated  with  steel  mills  and  structural 
works,  also  gas  and  electric  furnace  work,  in  capacities  of  supervision  and  trust, 
desires  association  with  production  or  the  engineering  department  of  some 
reliable  company,  preferably  in  the  vicinity  of  Philadelphia  or  New  York. 

294  Member,  wide  experience  in  design  and  manufacture  of  power  plants; 
successfully  developed  sales  organization;  desires  to  meet  considerable  concern 
in  the  engineering  field  on  strictly  result  basis,  preferably  to  represent  them  in 
New  York  and  develop  their  export  possibilities.  Good  connection  abroad  and 
conversant  with  principal  languages. 

295  Associate,  35,  graduate  Mass.  Inst.  Tech.,  experienced  in  design  and 
erection  of  special  machinery  and  hoisting  and  material  handling  machinery, 
both  with  manufacturers  and  with  large  coal  mining  company. 

296  Junior,  experience  in  drafting  room,  construction  and  engineering  office 
work  in  connection  with  power  and  industrial  plant  installations,  desires  to 
make  a  change. 

297  Cornell  graduate,  ten  years' practical  experience  in  factory  superintend- 
ence and  maintenance,  building  construction,  including  reinforced  concrete, 
and  the  installation  and  operation  of  power  plant  and  factory  machinery. 
Desires  position  with  consulting  or  contracting  engineers,  or  as  executive  engi- 
neer in  manufacturing  concern. 

298  Member,  technical  graduate,  30  years'  experience  as  machinist,  tool- 
maker,  designer  and  chief  draftsman,  mostly  on  improvement  and  design  of 
manufacturing  machinery,  desires  position  as  shop  engineer  or  chief  draftsman. 

299  Member,  owning  basic  patents,  desir3S  to  offer  his  services  in  connection 
with  the  building  and  leasing  of  road  paving  machines  of  exceptional  efficiencj- 
and  corresponding  economy. 
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CHANGES  IN  ADDRESS 

ABORN,  George  P.  (1889;  1892),  Mgr.,  Blake  &  Knowles  Steam  Pump  Wks., 
East  Cambridge,  and /or  mail,  50  Garrison  Rd.,  Brookline,  Mass. 

BENDIT,  Louis  (Associate,  1905)  Mgr.  West.  Office,  The  Hope  Engrg.  &  Supply 
Co.,  504  N.  Y.  Life  Bldg.,  Kansas  City,  and /or  mail,  134  W.  Sea  Ave.,  In- 
dependence, Mo. 

BENNETT,  Joseph  A.  (1907),  Ch.  Engr.,  Studebaker  Bros.  Mfg.  Co.,  and /or 
mail,  902  Riverside  Drive,  South  Bend,  Ind. 

BERRYMAN,  Wilson  G.  (Junior,  1905),  Engr.,  Combustion  Utilities  Corp., 
60  Wall  St.,  New  York,  and /or  mail,  40  Murray  St.,  Flushing,  N.  Y. 

BRECKENRIDGE,  C.  E.  (Associate,  1904),  232  State  St.,  Flushing,  N.  Y. 

BURGESS,  Chas.  Munroe  (1897),  Life  Member;  Galena,  Kan. 

CARPENTER,  Charles  U.  (1907),  Pres.,  Fire-Proof  Furniture  &  Constr.  Co., 
Miamisburg,  and  V.  P.,  The  Republic  Motor  Car  Co.,  Hamilton,  O. 

CHACE,  William  W.  (1908),  Mech.  Engr.,  Cleveland  Twist  Drill  Co.,  Cleve- 
land, and  for  mail,  Beachland,  Nottingham,  O. 

CLARK,  Frank  S.  (Associate,  1909),  Asst.  Engr.,  Ohio  Elec.  Ry.  Co.,  Spring- 
field, O. 

CLAYTON,  J.  Paul  (Junior,  1911),  205  W.  Hill  St.,  Champaign,  111. 

COOK,  Harry  Hall  (Junior,  1910),  Ch.  Engr.,  Coffin  Valve  Co.,  Boston,  and 
for  mail,  4A  Massachusetts  Ave.,  Springfield,  Mass. 

COOLEY,  Hugh  Nelson  (Associate,  1910),  3414  Cedar  St.,  Milwaukee,  Wis. 

CORP,  Charles  I.  (Junior,  1904),  Assoc.  Prof.  Mech.  Engrg.,  Univ.  of  Kan. 
Engrg.  Bldg.,  Lawrence,  Kan. 

CREELMAN,  Frank  (1894),  The  St.  Agnes,  Convent  Ave.,  and  130th  St.,  New 
York,  N.  Y. 

DOOLITTLE,  Harold  Lukens  (Junior,  1910),  Ch.  Designer,  So.  Cal.  Edison 
Co.,  Los  Angeles,  and /or  mail,  127  N.  Catalina  Ave.,  Pasadena,  Cal. 

DOWNES,  Nate  Worswic  (Junior,  1911),  Ch.  Draftsman,  J.  H.  Brady,  Cons. 
Engr.  and  Ch.  Engr.,  Kansas  City  Sch.  Dist.,  and /or  mat7,  Rm.  J,  Public 
Libraiy,  Kansas  City,  Mo. 

DU  BARRY,  Ed.  G.  (Junior,  1910),  Minneapolis  Steel  &  Mchy.  Co.,  and  for 
mail,  2731  12th  Ave.,  S.,  Minneapolis,  Minn. 

FLICKINGER,  Harrison  William  (Junior,  1911),  St.  James  Park,  Dawson,  Pa. 

FREDERICK,  Floyd  W.  (1907),  Mech.,  Engr.  Natl.  Bd.  of  Fire  Underwriters, 
135  William  St.,  New  York,  N.  Y.,  and /or  mai7, 315  S.  2d  St.,  Bangor,  Pa. 

GATH,  Andrew  L.  (Associate,  1906),  Pres.,  Gath  Mch.  Tool  Co.,  61  Terrace, 
and /or  mail,  354  Franklin  St.,  Buffalo,  N.  Y. 

GREEN,  John  Stevenson  (Junior,  1909),  Eddystone  Dept.,  Baldwin  Loco. 
Wks.,  Philadelphia,  and  for  mail.  Box  171,  Moore,  Delaware  Co.,  Pa. 
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HALL,  Robert,  E.  (1898;  1905),  V.  F.  and  Treas.,  Tlie  Goulds  Mfg.  Co.,  58  Pearl 

St.,  Boston,  and  1558  Beacon  St.,  Waban,  Mass. 
HERR,   Edwin  M.    (1891),    Vice-President,    1911-1913;   Pres.,    Westinghouse 

Elec.  &  Mfg.  Co.,  East  Pittsburgh,  and  for  mail,  140  Hutchinson  Ave., 

Edgewood  Park,  Pittsburgh,  Pa. 
HERSCHEL,  Winslow  Hobart  (1910),  Assst.  Prof.  Mech.  Engrg.,  Univ.  of  Me., 

Orono,  Me. 
HOFFMAN,  James  David  (1894;  1903),  Univ.  of  Neb.,  Lincoln,  Neb. 
HONSBERG,  August  A.  (1901),  Engrg.  Dept.,  East  Ohio  Gas  Co.,  and/or  mail, 

Sta.  B,  Box  54;  also,  5  Euclid  Windsor  PL,  Cleveland,  O. 
HOOD,  Ozni  Porter  (1904),  Ch.  Mech.  Engr.,  U.  S.  Bureau  of  Mines,  40th  and 

Butler  Sts.,  and  for  mail,  Old  Heidelberg  Cottage  No.  4,  Braddock  Ave. 

and  Waverly  St.,  Pittsburgh,  Pa. 
JACKSON,  Dugald  C.  (1890),  84  State  St.,  and  Mass.  Inst,  of  Tech.,  Boston, 

Mass.;  also,  D.  C.  &  Wm.  B.  Jackson,  111  W.  Monroe  St.,  Chicago,  111. 
JACOBI,  Albert  W.  (1885),  Life  Member;  Cons.  Engr.,  192  Market  St.,  and  20 

Fabyan  PL,  Newark,  N.  J. 
JOHNSON,  Bradley  S.  (Associate,  1909),  Rep., The  T.  H.  Symington  Co.,  623 

Peoples  Gas  Bldg.,  Chicago,  111. 
JONES,  John  Emlyn  (1907),  Engineers  Club,  32  W.  40th  St.,  New  York,  N.  Y. 
KELMAN,  John  H.  (1904),  Witherbee  Igniter  Co.,  Springfield,  Mass. 
LAND,  Frank  (1900),  Secy,  and  Treas.,  Land-Wharton  Co.,  912  Pa.    Bldg., 

Philadelphia,  Pa.,  and /or  mail,  care  of  Mrs.  C.  L.  Land,  205  W.  57th  St., 

New  York,  N.  Y. 
LAPE,  Willard  E.  (1890),  Mech.  Engr.,  5  Cleveland  Terrace,  East  Orange,  N.  J. 
LEACH,  William  IL,  Jr.  (1905),  Crow  Point,  Hingham,  Mass. 
LEIGHTON,  Edward  I.  (1892),  V.  P.,  The  Cleveland  Mch.  &  Mfg.  Co.,  4946 

Hamilton  Ave.,  and /or  mail,  1183  East  Blvd.,  Cleveland,  O. 
LIBBY,  Malcolm  M.  (1902;  1905;  1909),  Canadian  Fairbanks  Co.,  28  W.  Front 

St.,  and /or  rnail,  786  Keele  St.,  Toronto,  Ont.,  Canada. 
LYMAN,  James  (1899),  Sargent  &  Lundy,  cor.  Jackson  and  Michigan  Blvds., 

Chicago,  and  1308  Maple  Ave.,  Evanston,  111. 
MACINTIRE,   Horace  Jas.    (Junior,    1907),    Instr.   Mech.   Engrg.,   Carnegie 

Tech.    Schs.,    Pittsburgh,    Pa. 
MARQUIS,  Franklin  Wales  (Junior,  1908),  Turbine  Research  Dept.,  Genl., 

Elec.  Co.,  West  Lynn,  and /or  mail,  173  N.  Common  St.,  Lynn,  Mass. 
MASSA,  Robert  F.  (1904),  H.  W.  Johns-Manville  Co.,  100  William  St.,  New 

York,  N.  Y. 
MAYHEW,  Ray  (Associate,  1910),  Asst.  Ch.  Draftsman  Mech.  Dept.,  Minn- 
eapolis Steel  &  Mchy.  Co.,  and  for  mail,  4.500  36th  Ave.,  S.,  Minneapolis 

Minn. 
MEYER,  C.  Louis  (Junior,  1909),  Engr.  and   Sales  Agt.,   Trussed   Concrete 

Steel  Co.,  604  Wilson  Bldg.,  Dallas,  Tex. 
MURRAY,  Warren  Edwards  (1910),  Ch.  Engr.,  West.  Sugar  Refining  Co.,  23d 

and   Louisiana  Sts.,    San   Francisco,    Cal. 
NEWBURY,  George  K.  (Junior,  1904),  1514  S.  Tith  St.,  Harrisburg,  Pa. 
ORD,  Henry  C.  (1905),  Ch.  Draftsman  Mech.  Dept.,  Dominion  Bridge  Co., 

Ltd.,  and /or  mail,  46  Bishop  St.,  Montreal,  P.  Q.,  Canada. 
RANSOM,  Allan  (Associate,  1903),  Beverly  Hills,  Los  Angeles,  Cal. 
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RKILLY,  Win.  J.  (HK)1),  Dist.  Sales  Mgv.,  The  Halx-ork  (V-  Wilcox  Co.,   i;;") 

17tli  St.,  ami  Shirloy  Hotel,  Denver,  Coin. 
RICIIAHDS,  (Jhas.  Russ  (18i)2;  1901),  Ifniv.  of  III.,  Urbana,  111. 
RrCn.VRDSON,  Creorge   K.lwanl   (Vs.sociato,   1<)1()),   (lenl.   lOloc.Co.,  Kinpire 

IMilfi.,  Atlanta,  Ga. 
UOUKSOX,   Anthony  Manrioe   (IHOf)),   SonuM-ville   IFotcl,   St.   Auhins,   .fcisey 

[sland,  England. 
SAI/rZMAN,  Augustc  L.   (1908),  Asst.  Ch.  Kngi-.,  The  Edison  Cos.,  Edison 

Lab.,  Orange,  and /or  7nail,  53  Wilcox  Ave.,  East  Orange,  N.  J. 
SARENCJAPANI,  T.  S.   (Junior,  1903),  Head  Draftsman,  Pub.  Wks.  Dept., 

Madura,  Madras,  India. 
SCOTT,  Charles  Felton  (1911),  284  Orange  St.,  New  Haven,  Conn. 
SCOTT,  Walter  G.  (Junior,  1909),  Factory  Mgr.  and  Production  Engr.,  The 

Jenkins  Motor  Car  Co.,  and  571  Park  Ave.,  Rochester,  N.  Y. 
SEAWELL,  Bert  W.  (Associate,  1907),  186  State  St.,  Brooklyn,  N.  Y. 
SHAW,  Arthur  Derwood  (A.ssociate,  1905),  Mgr.,  Francis  Bros.  &  Jellett,  315 

N.  15th  St.,  Philadelphia,  and  246  W.  Johnson  St.,  Germantown,  Pa. 
SHERMAN,  W.  D.  (1907),  Inventor,  Cons.  Engr.,  Arlington,  Riverside  Co., 

Cal. 
SHERWOOD,  Mather  W.  (1909),  1408  Liberty  St.,  Franklin,  Pa. 
S.MITH.  Harry  E.   (1894;  1903),  Asst.  Prof.  Mech.  Engrg.,  Agri.  and  Mech. 

College  of  Tex.,  College  Station,  Tex. 
SPURLING.  O.  C.  (1907),  West.  Elec.  Co.,  Hawthorne  Sta.,  Chicago,  III. 
STEVENS,  Alfred  H.  (1898;  1903),  Engr.  and  Contr.,  149  Broadway,  New  York, 

and /or  mail,  400  Ninth  St.,  Brooklyn,  N.  Y. 
TORRANCE,  Chas.  Everett  (Junior,  1909),  Northampton  Emery  Wheel  Co., 

Leeds,  and /or  mail,  15  Forbes  Ave.,  Northampton,  Mass. 
TRUELL,  Karl  O.  (Associate,  1903),  Va.  Portland  Cement  Co.,  Ford  wick,  Va. 
WATSON,  George  Linton  (Junior,  1905),  Cons.  Civ.  Engr.,  Engineers  Club, 

Philadelphia,  Pa. 
WEAR,  Burt  C.  (Junior,  1905),  Youngstown  Sheet  &  Tube  Co.,  and /or  inail, 

272  Arlington  St.,   Youngstown,   O. 

NEW  MEMBERS 

COWGILL,  Paul  Everett  (Junior,  1910),  Instr.  Engr.  Dept.,  N.  C.  College  of 

Agri.  and  Mech.  Arts,  West  Raleigh,  N.  C. 
GORDON,  Albert  Anderson,  Jr.   (1911),  Supt.,  Crompton  &  Knowles   Loom 

Wks.,  Woi-cester,  Mass. 
HOUCHIN,  Ernest  A.  (1911),  Pres.,  Houchin  Aiken  Co.,  35^5  53d.  St.,  Brooklyn, 

N.  Y. 
SAWYER,  Luke  Eugene  (Junior,  1911),  Apprentice,  Babcock  &  Wilcox  Co., 

and  for  mail,  137  Broadway,  Bayonne,  N.  J. 
WILKIE,  Donald  Cook  (1911),  Supt.  Engr.,  Linggi  Plantations,   Ltd.,  Serem- 

ban,    Federated   Malay    States. 
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DEATHS 

CANNIFF,  William  Lester,  August  29,  1911. 
CHRISTIE,  James,  August,  24,  1911. 
HOPTON,  Lemuel  Robert,  September  5,  1911. 
Mclaughlin,  James,  August  18,  1911. 
STRANAHAN,  O.  A.,  September  8,  1911. 


COMING  MEETINGS 

October-November 

Advance  notices  of  annual  and  semi-annual  meetings  of  engineering  societies  are  regularly  published 
under  this  heading  and  secretaries  or  members  of  societies  whose  meetings  are  of  interest  to  engineers 
are  invited  to  send  such  notices  for  publication.  They  should  be  In  the  editor's  hands  by  the  15th  of 
the  month  preceding  the  meeting  .  When  the  titles  of  papers  read  at  monthly  meetings  are  furnished 
they  will  also  be  published. 

AMERICAN    ELECTRIC  RAILWAY  ASSOCIATION 

October  9-13,  annual  convention,  Atlantic  City,  N.  J.  Secy.,  H.  C.  Don- 

ecker,  29  W.  39th  St.,  New  York. 
AMERICAN  GAS  INSTITUTE 

October  18-20,  annual  convention,  St.  Louis,  Mo.     Secy.,  A.  B.  Beadle, 

29  W.  39th  St.,  New  York. 
AMERICAN  INSTITUTE  OF  ELECTRICAL  ENGINEERS 

October  13,  monthly  meeting, 29  W.  39th  St.,  New  Yoik.  Secy.,  R.  W.  Pope. 
AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

October  10-17,  annual  convention,  San  Francisco,  Cal.,  followed  by  trip  to 

Japan.     Secy.,  Joseph  Struthers,  29  W.  39th  St.,  New  York. 
AMERICAN  RAILWAY  BRIDGE  AND  BUILDING  ASSOCIATION 

October  17-19,  annual  convention,  St.  Louis,  Mo.     Secy.,  C.  A.  Lichty, 

C.  &  N.  W.  Ry.,  Chicago,  111. 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

October  4  and  18,  bi-monthly  meetings,  220  W.  57th  St.,  New  York.     Secy., 

C.  W.  Hunt. 
THE  AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS 

Monthly  Meetings:  New  York,  October  9;  Boston,  October  18;  New  Ha- 
ven, November  15.     Secy.,  Calvin  W.  Rice,  29  W.  39th  St.,  New  York. 
ASSOCIATION  OF  RAILWAY  ELECTRICAL  ENGINEERS 

November  6-10,  annual  convention,  Chicago,  111.      Secy.,  J.  A.  Andreu- 

cetti,  C.  &  N.  W.  Ry. 
LAKES-TO-THE-GULF  DEEP  WATERWAY  ASSOCIATION 

October  12-14,  annual  convention,  Chicago,  111.     Secy.,  Thos.  H.  Lovelace, 

Bank  of  Commerce  Bldg.,  St.  Louis,  Mo. 
LEAGUE  OF  AMERICAN  MUNICIPALITIES 

October  4-6,   annual  convention,   Atlanta,   Ga.     Secy.,   John  MacVicar, 

Dept.  of  Streets,  Des  Moines,  Iowa. 
IRON  AND  STEEL  INSTITUTE 

October  2-16,  autumn  meeting,   Turin,   Italy.     Secy.,   G.   C.   Lloyd,  28 

Victoria  St.,  London,  S.  W.,  England. 
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XAIMOXAl.  ASSOCIATION   Ol'   RAIJ.WAY  COMMISSIONERS 

OctoIxT  10.  aiimial  coiivciil  ion,  Washington,  D.  C.     Secy.,  Wm.  H.  Con- 

noliv. 
NAl'IONA]    (M)MMERCIAl.  CiAS  ASSOCIATION 

October  2:i  2S,   annual  convention,   Denver,   ('Olo.     Secy.,   Loui.s   Stotz, 

29  W.  39th  St.,  New  York. 
NATIONAL  MACHINE  TOOL  BUILDERS  ASSOCIATION 

October  10  12,  annual  convention,  New  York.     Secy.,  Chas.  E.  Hildreth, 

134  Gold  St.,  Worcester,  Mass. 
RAILWAY  SIGNAL  ASSOCIATION 

October  10-12,  annual  convention,  Colorado  Springs,  Colo.     Secy.,  C.  C. 

Rosenberg,  Bethlehem,  Pa. 
SOUTHERN  ASSOCIATION  OF  CAR  SERVICE  OFFICERS 

October  20,   annual  convention,  Atlanta,  Ga.     Secy.,  E.  W.   Sandwich, 

A.  &  W.  P.  Ry.,  Montgomery,  Ala. 

MEETINGS  IN  THE  ENGINEERING  SOCIETIES  BUILDING 

Date  Society  Secretary  Time 

October 

5     Blue  Room  Engineering  Society W.  D.  Sprague. .  .  .8.00  p.m. 

10    American  Society  of  Mechanical  Engineers. . .  C.  W.  Rice 8.15  p.m. 

12  Illuminating  Engineering  Society P.  S.  Millar 8.00  p.m. 

13  American  Institute  of  Electrical  Engineers.  .  .  .R.  W.  Pope 8.15  p.m. 

17     New  York  Telephone  Society T.  H.  Lawrence. .  .8.00  p.m. 

20  New  York  Railroad  Club H.  D.  Vought 8.15  p.m. 

25    Municipal  Engineers  of  New  York CD.  Pollock 8.00  p.m. 

November 

2     Blue  Room  Engineering  Society .W.  D.  Sprague. . .  .8.00  p.m. 

9     Illuminating  Engineering  Society P.  S.  Millar 8.00  p.m. 

9     Institute  of  Operating  Engineers H.  Collins 8.00  p.m. 

10    American  Institute  of  Electrical  Engineers ..  .  .  R.  W.  Pope 8.00  p.m. 

13     American  Society  of  Mechanical  Engineers. . .  . C.  W.  Rice 8.00  p.m. 

16  American  Society  of  Engineer  Draftsmen H.  L.  Sloan 8.00  p.m. 

16-17     Society   of   Naval   Architects   and  Marine 

Engineers W.  J.  Baxter All   day . 

17  New  York  Railroad  Club H.  D.  Vought 8.15  p.m. 

21  New  York  Telephone  Society T.  H.  Lawrence. .  .8.00  p.m. 

22  Municipal  Engineers  of  New  York CD.  Pollock 8.00  p.m. 


()FF1C:J011S  AND  COTTNCn. 


Terms  expire  1911 
CHARLES  WIHTIXG  RAKKH 
\V.  F.  M.  GOSS 

ALi;x.(\  irr.MiMiuKvs 


Terms  expire  1011 
H.  L.  GANTT 
I.  E.  MOULTROP 
W.  J.  SAN  DO 


FRED.  \V.  TAYLOR 
F.  R.  HUTTON 


President 

E.  D.  MEIER 

Vice-PrenidetUs 


Managers 

Terms  expire  1912 
H.  G.  STOTT 
JAMES  HARTNESS 
H.  G.  REIST 

Fast- Presidents 

Members  of  the  Coimcil  for  1911 


GEORGE  WESTINGHOUSE 


Terms  expire  1912 

GEORGE  M.  BRILL 

E.  M.  IIERR 

H.  H.  VAUGIIAN 


Terms  expire  1913 

D.  F.  CRAWFORD 

STANLEY  (i.  FLAGG,  JR. 

E.  B.  KATTE 


M.  L.  HOLMAN 
JESSE  M.  SMITH 


Chairman  of  the  Finance  Committee 
ROBERT  M.  DIXON 

Treasurer 
WILLIAM  H.  WILEY 


Honorary  Secretary 
F.  R.  HUTTON 

Secretary 
CALVIN  W.  RICE 


EXECUTIVE   COMMITTEE   OF  THE  COUNCIL 


E.  D.  MEIER,  Chmn. 

C.  W.  BAKER,  Vice-Ckmn. 


H.  L.  GANTT 
F.  R.  HUTTON 

STANDING  COMMITTEES 


H.  G.  REIST 
JESSE  M.   SMITH 


Finance 

R.M.DIXON  (2), Chmn. 
G.  J.  ROBERTS  (1) 
W.  H.  MARSHALL,{3) 
H.  L.  DOHERTY  (4) 
W.  L.  SAUNDERS  (5) 

House 
F.  BLOSSOM  (2),  Chmn. 
B.  V.  SW^NSON  (1) 
E.  VAN  WINKLE  (3) 
H.  R.  COBLEIGH  (4) 
S.  D.  COLLETT  (5) 

Library 
L.WALDO  (.l),Chmn. 
W.  M.  McFARLAND  (2) 
C.  L.  CLARKE  (3) 
A.  NOBLE  (4) 
E.  G.  SPILSBURY  (5) 


Membership 

F.  H.  STILLMAN  (1).  Chmn. 

G.  J.  FORAN  (2) 
H.  WEBSTER  (3) 

T.  STEBBINS  (4) 
W.  H.  BOEHM  (5) 

Publication 
H.  F.  J.  PORTER  (1),  Chmn. 

F.  R.  LOW  (2) 

G.  I.  ROCKWOOD  (3) 
G.  M.  BASFORD  (4) 
C.  I.  EARLL  (5) 


Research 
W.  F.  M.  GOSS  (3),  Chmn. 
R.  H.  RICE  (1) 
R.  D.  MERSHON  (2) 
R.  C.  CARPENTER  (5) 

Meetings 
L.  R.  POMEROY  (1),    Chmn. 
C.  E.  LUCKE  (2) 
H.  De  B.  PARSONS  (3) 
W.  E.  HALL  (4) 
C.  J.  H.  WOODBURY  (5) 


Public  Relations 

J.  M.  DODGE  {5),  Chmn. 
R.W.HUNT  (1) 
D.  C.  JACKSON  (2) 
J.  W.  LIEB,  JR.  (3) 
F.  J.  MILLER  (4) 


Note — Numbers  in  parentheses  indicate  number  of  years  the  member  has  yet  to  serve. 
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SOCIETY  REPRE8ENTATIYKS 


John  Fritz  Medal 
F.  R.  HUTTON  (1) 
W.  F.  M.  GOHS  (2) 
H.  R.TOWNE  (3) 
J.  A.  BASHEAR  (4) 

Fii-e  Protection 
J.  R.  FREEMAN 
I.  H.  WOOLSON 


Trustees  If.  I'L  S. 

F.J.  MILLER  (1) 
JESSE  M.  SMITH  (2) 
A.  C.  HUMPHREYS  (3) 


.1.    A.   A.   S. 
A.  C.  HUMPHREYS 
H.  G.  REIST 
LA.  for  T.  M. 

CHARLES  KIRCHHOFF 

Conservation    Cninnu'sson  Engineering  Education 

(}.  F.  SWAIN  A.  C.    HUMPHREYS 

C.  T.  MAIN  F.  VV.  TAYLOR 
J.  R.  FREEMAN 


Refrigeration 

D.  S.  JACOBUS 

A.  P.  TRAUTWBIN 
G.  T.  VOORHEES 
P.  De  C.  BALL 

E.  F.  MILLER 

Poiver  Tests 

D.S.  JACOBUS,  Chmn. 

E.  T.  ADAMS 

G.  H.  BARRUS 

L.  P.  BRECKENRIDGE 

W.  KENT 

C.  E.  LUCKE 

E.  F.  MILLER 
A.  WEST 

A.  C.  WOOD 

Conservation 

G.  F.SWAIN,  Chmn. 
C.  W.  BAKER 
L.  D.  BURLINGAME 
M.  L.  HOLMAN 
(^  W.  RICE 

Student  Branches 

F.  R.  HUTTON,  Chmn. 


Sub-Committee  on  Steam 
of  Research    Commmittee 

R.  H.  RICE,  Chmn. 
J.  F.  M.  PATITZ 
C.  J.  BACON 
E.J.  BERG 
VV.  D.  BNNIS 
L.  S.  MARKS 


SPECIAL  COMMITTEES 

Flanges 

G.  H.  STOTT,  Chmn. 
A.  C.  ASHTOxN 
W.  SCHWANHAUSSER 
J.  P.  SPARROW 

Constitution  and  By-Laws 

J.  M.  SMITH,  Temp.  Chmn. 
G.  M.  BASFORD 
F.  R.  HUTTON 

D.  S.  JACOBUS 
H.  G.  STOTT 

Power  House  Piping 

H.  G.  STOTT,  Chmn. 

I.  E.  MOULTROP 

H.  P.  NORTON 

J.  P.  WHITTLESEY 

F.  R.  HUTTON 

Involute  Gears 

W.  LEWIS.  Chmn. 
H.  BILGRIM 

E.  R.  FELLOWS 
C.  R.  GABRIEL 

G.  LANZA 

Engineering     Standards 
HENRY  HESS,  C7i»i/(. 
H.  W.  SPANGLER 
CHAS.  DAY 
J.  H.  BARR 


Standardization,  of 

Catalogues 
WM.  KENT,  Chmn. 
M.  L.  COOKE 
W.  B.  SNOW 
J.  R.  BIBBINS 


Pipe  Threads 

E.  M.  IIERR.  Chmn. 
W.J.  VALDWIN 
G.  M.BOND 
S.  G.  FLAGG,  JR. 

Society  History 
J.  E.  SWEET 
H.  H.  SUPLEE 

F.  R.  HUTTON 

Tellers  of  Election 
W.  T.  DONNELLY 
T.  STEBBINS 

G.  A.  ORROK 

Nominating 
R.  C.  CARPENTER 

New  York,  Chmn. 
R.  H.  FERNALD 

Cleveland,  O. 
E.  G.  SPILSBURY 

New  York 
A.  M.  HUNT 

San  Francisco,  CaL 
C.  J.  H.  WOODBURY 

Boston,  Mass. 

Committee  to  Formulate 
Standard  Specijica- 
tions  for  the.  Con'^truc- 
tion  of  Steam  Boilers 
and  other  Pressure  Ves- 
sels and  for  Care  of 
Same  in  Service 

E.  F.  MILLER 

C.  L.  HUSTON 

C.  H.  MEINHOLTZ 

R.  C.  CARPENTER 

W.  H.  BOEHM 

R.  HAMMOND 


Note — Numbers  in  parentheses  Indicate  number  of   years  the  member  has  yet  to  sarve. 
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OFFICERS  OF  THE  GAS  POWER  SECTION 


Chairman 

R.  H.  FERNALD 

Gas  Power 
Executive    Committee 

V.  H.  STILLMAN  (5).  Chmn. 
(!.  I.  ROCKWOOD  (1) 
('.  J.  DAMDSON  (1) 

E.  D.  DREYFUS  (1) 

F.  R.  HUTTON  (2) 
ir.  H.  SUPLEE  (3) 
F.  R.  LOW  (4) 

Gas  Power 
Committee  on  Meetings 

WM.  T.  MAGRUDER,  Chmn. 

W.  H.  BALUVELT 

E.  D.  DREYFUS 

A.  H.  GOLDINGHAM 

NISBET  L.\TTA 

H.  B.  MACFARLAND 


Gas   Power 
Literature    Committee 

R.  B.  BLOEMEKE,  Chmn. 

H.  S.  ISIIAM 

W.  F.  iMONAGHAN 

A.  W.  H.  GRIEPE 

W.  S.  MORRISON 

H.  G.  WOLFE 

N.  J.  YOUNG 

S.  O.  SANDELL 

S.  I.  OESTERREICHER 

J.  MAIBAUM 

Gas  Power 
Installations  Committee 
L.  B.  LENT,    Chmn. 
A.  BEMENT 
C.  B.  REARICK 


Secretary 
GEO.  A.  ORROK 

Gas  Power  Plant 
Operations  Committee 

I.  E.  MOULTROP,  Chmn. 

J.  D.  ANDREW 

C.  J.  DAVIDSON 

C.  N.  DUFFY 

H.  J.  K.  FREYN 

W.  S.  TWINING 

C.  W.  WHITING 

Gas  Power 
Membership  Committee 
H.  R.  COBLEIGH,  Chmn. 
H.  V.  O.  GOES 
A.E.JOHNSON 

F.  S.  KING 

A.  F.  STILLMAN 

G.  M.  S.  TAIT 
GEORGE  W.  WHYTE 
S.  S.  WYER 


OFFICERS     OF     STUDENT     BRANCHES 


INSTITUTION 

DATE 
AUTHORIZED 
BY  COUNCIL 

HONORARY 

CHAIRMAN 

PRESIDENT 

CORRESPONDING 
SECRETARY 



Stevens  Inst,  of  Tech. 

Dec.  4, 1908 

Alex.  C.  Humphreys 

A.  E.  Bauhan 

A.  D.  Karr 

Cornell    University 

Dec.  4.  1908 

R.  C.  Carpenter 

F.  E.  Yoakein 

D.  S.  Wegg.Jr. 

Armour  Inst,  of  Tech. 

Mar.  9,  1909 

G.  F.  Gebhardt 

C.  E.  Beck 

F.  H.  Griffiths 

LelandStanfordJr.Univ. 

Mar.  9,  1909 

C.  H.  Shattuck 

H.  H.  Blee 

C.  W.  Scholefield 

Brooklyn   Poly.    Inst. 

Mar.  9,  1909 

W.  D.  Ennis 

A.  L.  Palmer 

R.  C.  Ennis 

Purdue   University 

Mar.  9,  1909 

L.  V.  Ludy 

L.  Jones 

H.  E.  Sproull 

University  of   Kansas 

Mar.  9,  1909 

P.  F.  Walker 

W.  H. Judy 

M.  C.  Conley 

New   York   University 

Nov.  9,  1909 

C.  E.  Houghton 

Harry  Anderson 

Andrew  Hamilton 

Univ.  of  Illinois 

Nov.  9,1909 

W.  F.  M.  Goss 

F.  J.  Schlink 

E.  J.  Hasselquist 

Penna.   State  College 

Nov.  9,  1909 

J.  P.  .Jackson 

J.  A.  Kinney 

H.  S.  Rodgers 

Columbia    University 

Nov.  9,  1909 

Chas.  E.  Lucke 

N.  E.  Hendrickson 

J.  L.  Haynes 

Mass.    Inst,   of   Tech. 

Nov.  9,  1909 

Gaetano  Lanza 

J.  A.  Noyes 

R.  M.  Ferry 

Univ.    of    Cincinnati 

Nov.  9,  1909 

J.  T.  Faig 

C.  J.  Malone 

J.  H.  Schneider 

Univ.   of  Wisconsin 

Nov.  9,  1909 

H.  J.  B.  Thorkelson 

F.  B.  Sheriff 

L.  F.  Garlock 

Univ.   of   Missouri 

Dec.  7,  1909 

H.  Wade  Hibbard 

F.  T.  Kennedy 

Osmer  N.  Edgar 

Univ.    of    Nebraska 

Dec.  7,  1909 

C.  R.  Richards 

W.  O.  Forman 

C.  A.  Bennett 

Univ.  of  Maine 

Feb.  8,  1910 

Arthur  C.  Jewett 

A.  H.  Blaisdell 

W.  B.  Emerson 

Univ.   of   Arkansas 

Apr.  12,  1910 

B.  N.  Wilson 

W.  Q.  Williams 

H.  W.  Barton 

Yale   University 

Oct.  11,1910 

L.  P.  Breckenridge 

F.  M.  Jones 

W.  St.  C.  Childs 

Rensselaer  Poly.  Inst. 

Dec.  9,  1910 

A.  M.  Greene,  Jr. 

G.  K.  Palsgrove 

H.  J.  Parthesius 

State  Univ.  of  Ky. 

Jan.  10,  1911 

F.  P.  Anderson 

G.  C.  Mills 

H.  L.  Moore 

Ohio   State   University 

Jan.  10,  1911 

W.  T.  Magruder 

H.  A.  Shuler 

H.  M.  Bone 

Washington    University 

Mar.  10,  1911 

F.  E.  Glasgow 

Lehigh   University 

June  2,  1911 
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MKKTIX(;S  OF  THE  SOCIETY 
The  ('otutnillee  on  Meelingx 


L.  R.  POMEROY  (1),  Chmn. 
C.  E.  LUCKE  (2) 


I.  N.  MOLLIS,  Chmn.. 
I.  E.  MOULTROP,  Sfcy. 


f,  J.  H.  WOODBURY  (h) 
Meetings  of  the  Society  in  Boston 

R.  II.  RICE 


Meetings  of  th"  Society  in  Xem  York 
W.  RAUTENSTRAUCH,  Chmn 
F.  A.  WALDROX.  Secy. 

R.  V.  UliKJIIT 


Meetings  of  thee  Society  in  St.   Louis 


E.  L.  OHLE,  Chmn. 

F.  E.  BAUSCH.  Secy. 


A.  M.  HUXT,  Chmn. 
T.  W.  HAXSOM,.Seci/. 


H.  I)K  H.  PARSONS  (3) 
\V.  E.  HALL  (4) 


E.  F.  MILLER 
R.E.CURTIS 


F.  H.  COLVIN 
E.  VAX  WIXKLE 


.\I,  L,  HOLMAX 
[{.  H.  TAIT 


.1.  HUNTER 

.    Meetings  of  the  Society  in  San  Francisco 

E.  C.  JOXES 


Meetings  of  the  Suciety  in  Philadelphia 
T.  C.  McBRIDE,   Chmn. 
D.  R.  YARNALL,  Secy. 
W.  C.  KERR 


T.  MORRIN 
W.  F.  DUItAND 


A.C.JACKSON 

J.  E.  GIBSON 

J.  C.  PARKER 


Meetings   of  the   Society  in   New  Haven 
E.  S.  COOLEY,  Chmn.  L.  P.  BRECKENRIDGE 

E.  H.  LOCKVVOOD,    Secy.  F.  L.  BIGELOW 

H.  B.  SARGENT 

SUB-CO.M.MITTEES    ON' 

Textiles 
CHARLES  T.  PLUXKETT,  CAmn.,  Adams,  Mass. 
DAXIEL  M.  BATES,  Wilmington,  Del.  FRANKLIN  W.  HOBBS,  Boston.  Maa.5. 

.JOHN  ECCLES,  Taft vllle,  Conn.  C.  R.  MAKEPE.ACE,  Provldenec,  R.  I. 

EDW.  W.  FRANCE,  Philadelphia,  Pa.  C.  H.  M  A  XNIXG,  Manchester.  N.   H. 

EDWARD  F.  (;REENE,  Boston,  Mass.  HENRY  P.  MANSFIELD  ,  Utica,  N.  Y. 

EDWARD   W.THOMAS,   Lowell,   Mass. 

Note — Numbers  in  parentheses  indicate  the  number  of  years  the  member  lias  yet  to  serve. 


1306] 


MEETINGS  OF  THE  SOCIETY 

(Continued) 

Cement 


W.  R.  DUNN.  Chmn. 
J.  G.  BERGQUIST 
VV.  F.  COWIIAM 
J.  W.  FULLER.  Jr. 
L.  L.  GRIFFITHS 

E.  M.  HAGAR 

L.  LEIGH  HUNT 

F.  W.  ICELLEY 


F.  E.  ROGERS,  Chmn. 
L.  D.  BURLINGAME 
W.  L.  CLARK 
W.  A.  DIEFENDORF 
A.  L.DeLEEUW 
F.  L.  EBERHARDT 


Machine  Shop  Practice 


MORRIS  KIND 

F.  H.  LEWIS 

R.  K.  MEADE 

EJNAR  POSSELT 

H.  J.  SEAMAN 

A.  G.  TAGGE 

H.  STRUCKMANN 

P.  H.  WILSON 


F.  A.  ERRINGTON 

A.  A.  FULLER 

H.  D.  GORDON 

H.  K.  HATHAWAY 

E.  J.  KEARNEY 

Wm.  LODGE 


OFFICERS  OF  AFFILIATED  SOCIETY 

Providence    Association    of   Mechanical    Engineers 
T.  M.  PHETTEPLACE,  Pres.  W.  H.  PAINE,  Vice-Pres. 

J.  A.  BIOOKS,  Secy.  A.  H.  WHATLEY.  Treas. 


i;;(i7i 


THE  WARNER  &   SWASEY 

CLEVELAND,  OHIO 


COMPANY 


Branch  Offices:  NEW  YORK,  CHICAGO.  DETROIT 


TURRET  LATHES         TURRET  SCREW  MACHINES         BRASS-WORKING  MACHINE  TOOLS 


This  new  No.  3A  HOLLOW-HEXAGON  TURRET  LATH  E— for  Bar 
and  Chucking  Work — -equally  efficient  for  both.  Immediately  available  for 
any  requirement — completely  equipped  as  required  for  work  from  bar  stock, 
forgings  and  castings — small  or  large  lots.  Capacity:  Bar  Stock  31";  Castings 
and  forgings  15";  Turret  travel  36".     Illustration  shows  "chucking  equipment." 


BEMENT  HEAVY  DUTY  SHARERS 

A  single  or  double  head 
travels  over  the    bed   at 
right  angles  to  its  stroke. 
The  work  is  held  station- 
ary.    For  heavy  duty  it 
is  more  logical  to  hold  the 
work   stationary   and  to 
traverse  the  cutting  tool 
than    with     the    usual 
arrangement   of  travers- 
ing the  work.     A  heavy 
piece  of  work  when  tra- 
versed   will   subject    the 
machine  to  severe  strains  and  alignment  will  be  difficult  to  maintain.     With 
Bement  Shapers  alignment  is  easy  and  lasting  accuracy  of  work  is  secured. 
Drive  is  very  powerful. 
Built  in  three  sizes,  Belt  or  Motor  drive.     Write  for  illustrated  circulars. 

NILES-BEMENT-ROND  COMPANY 

111    Broadway,    New   York  25   Victoria   St.,    London,    S.  W. 


EXTRACTS  FROM  THE  BOOK  OF  THE 
HARTNESS    FLAT    TURRET    LATHE 

Copies  cheerfully   mailed   on   request 

JONES  & 
LAMSON 
MACHINE 
COMPANY 

SPRINGFIELD,  VT.,  U.S.A. 

Queen  Victoria  St.,  London,  E.  C. 

France  and  Spain,  Ph.  Bonvillain  and  E.  Ronceray,  g  and 
II  Rue  des  Envierf;cs.  Paris.  Italy,  Adler  &  Eisenschitz, 
Milan.  Germany,  Holland,  Belgium.  Switzerland,  Austria- 
Hungary.  M.  Koyemann,  Charlottenstrasse  112  Dussel- 
dorf,  Germany. 


2  X  24-inch    Flat    Turret    Lathe    with    Cross   Sliding    Head,    Equipped    for    Bar    Work 

(Countershaft   Drive) 


2  X  24-inch   Flat  Turret  Lathe  with  Cross  Sliding  Head,   Equipped 
for  Bar  Work   (Motor  Drive) 

■The  Hartness  Flat  Turret  Lathe  with  cross  sUding 
head  is  made  in  two  sizes,  and  may  be  furnished  with  an 
equipment  of  tools  for  either  bar  work  or  chuck  work,  or 
a  double  equipment  for  both  bar  and  chuck  work. 

The  smaller  machine,  shown  above  and  on  preceding 
page,  is  called  the  2  x  24-inch,  and  when  equipped  with  the 
automatic  die  outfit  of  tools  it  turns  nearly  every  conceivable 
shape  under  dimension  of  2j  inches  diameter  and  24  inches 
of  length.  The  hole  through  the  spindle  is  now  made  2| 
inches.  For  various  details  of  working  range  and  outfit  for 
bar  work,  see  pages  14  to  44.  Itemized  outfit,  pages  86  and 
87. 

This  machine,  equipped  for  chuck  work,  is  described 
on  pages  45  to  85.     See  also  pages  22  to  26. 

The  machine  may  be  ordered  with  either  the  chuck- 
ing or  bar  outfit,  and  supplied  later  with  the  other  outfit, 
if  for  any  reason  the  machine  should  be  changed  from  bar  to 
chuck  work,  or  v/ce  versa.  Since  the  chucking  outfit  is 
comparatively  inexpensive,  it  is  frequently  ordered  with  the 
bar  outfit  of  one  or  more  machines  of  a  lot,  so  that  at  least 
one  machine  may  be  used  on  short  notice  for  chuck  work. 


High-Speed  Steam-Hydraulic  Forging  Presses 

double   your    production   writh    one-half 
your  labor  cost  and  steam  consumption 

COST  OF  REPAIRS  REDUCED 


Eliminates  Heavy  Shocks  and 
Vibration 


SINGLE  LEVER  CONTROL 


SMALL  SIZES— Single  Frame  Type 
LARGE   SIZES— Four   Column   Type 

BUILT  FORIALL    CLASSES  OF 
FORGING,  SHEARING  OR    PRESSING 


L__ 


100  Tons  to  12,000  Tons  Capacity 

MANUFACTURED  UNDER  DAVY  BROS.,  LTD.,  PATENTS 

UNITED  ENGINEERING  &  FOUNDRY  CO. 

2300   FARMERS'    BANK   BUILDING  PITTSBURG,    PA. 

MANNING,    MAXWELL   &   MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 


85-87-89  LIBERTY  STREET 


NEW  YORK 


RUSSELL,  BURDSALL  &  WARD 
BOLT  and  NUT  CO. 

PORT    CHESTER,     N.   V 

Manufacturers  of  the  finest  grade  of 

BOLTS  and  NUTS 

For  Automobiles,  Machinery  and 
Engineering  Work 

Branch  Works  at   Rock   Fails,    hi. 


To  Users  of  Taps  and  Dies 


REGISTERED 

This  Trade    \  ^   y  Mark  Means 


V 


an  absolute  guarantee  of  first  QUALITY 

40  years  on  the  market  makes  our  Machine  Screw  Taps 

the  pioneers  in  their  class.     They  have  no  superiors,  and 

are  fully  guaranteed 

Taps  and  Dies  furnished  to  A.  S.  M.  E.  Standard  at  regular  prices 

J.  M.  Carpenter  Tap  &  Die  Co.,  Pawtucket,  R.  I. 


a 


The  Planers  of  Woods" 


TRADE.  MASK  REG, 


High  Speed  Planers  Matchers  and  Moulders 

IWITH   LABOR    SAVING   DEVICES    WHICH   PROVIDE 
FOR  A  MAXIMUM  OUTPUT  AT  A  MINIMUM  EXPENSE 

S.   A.   WOODS  MACHINE  CO. 

THE  PLANER  SPECIALISTS 

BOSTON  U.S.A. 

CHICAGO  NORFOLK 

NEW  ORLEANS  SEATTLE 


AIR  TOOLS 


Even  in  so  small  and  inexpensive 
a  thing  as  a  pneumatic  hammer 
or  drill,  it  pays  to  buy  right — to 
be  certain  that  you  are  getting 
the    best  value  for   your   money. 

Your  best  security  in  purchasing  such 
tools  is  to  see  that  they  bear  the 
name  CROWN  or  IMPERIAL, 
which  means  that  they  measure 
up  to  the  Ingersoll-Rand  standard 
of  capacity,  economy  and  dur- 
ability. 


COMPRESSORS  AIR    HOISTS  SAND   RAMMERS 

INGERSOLL-RAND  CO. 

NEW  YORK  LONDON 

Offices   in  All   the    Principal    Cities   of  the   World 


i    CHICAGO    I 
PNEUMATIC    TOOL 
t    COMPANY 


General  Offices,    Fisher  Building,    Chicagfo. 
Eastern  Offices.    50  ChnrchSt.,  NewYorR. 

^Manufacturers   of   ''CHICAGO  PNEUMATIC" 

|l|£^;j  Air  Compressors  and  a  complete  line 
^^^'^^of  Pneumatic  Tools  and  Appliances.   :: 

"CHICAGO  PNEUMATIC"  AIR  COMPRES- 
SORS are  especially  designed  for  all  classes  oi  com- 
pressed air  equipment  in  machine  shops,  boiler  shops, 
railroad  shops,  ship  yards  and  in  bridge  and  building 
construction  work,  and  for  every  other  purpose  in 
which  compressed  air  is  employed. 


FRANKLIN    STRAIGHT    LINE   GASOLINE    ENGINE    DRIVKN     AIR 
COMPRESSOR 

"CHICAGO  PNEUMATIC" 
AIR    COMPRESSORS 

WRITE       FOR       CATALOGUE 


West  i  ngh  o  use 

Prime  Movers 
And  Auxiliary  Apparatus 


Steam 


Steam 


Gas 


Turbines 


Engines 


Engines 


Gas 


Producers 


J 


Leblanc 

Condensers 

Roney 

Mechanical 

Stokers 

Writo  for  information 


The   Westinghouse    Machine   Co. 


New  York,  165  Broadway 
Boston    131  State  Street 
Atlanta,  Candler  Building 
St.  Louis,  Clieinical  Building 
Pittsburgh,  Westinghouse  Building 
Cleveland,  New  England  Building 


Chicago,  39  So.  La  Salle  Street 
Cincinnati,  1103  Traction  Bu'ldlng 
Philadelphia,  North  American  Building 
Denver,  1062  Gas  &  Electric  Bulld'ng 
San  Francisco,  Hunt,  Mirk  &  Co. 


Mexico:  Comi)ania  Ingeniera,  Importadora  y  Contratista,  S.  A.  (Successors  to  G.  &  O. 
Braniff  &  Company),  City  of  Mexico. 


In  the  interest  of  safety  alone,  make 
sure  that  specifications  for  your  steel 
valves  and  fittings  read  thus: 

''The    castings    must    he    NELSON    Steel/' 

Because  NELSON  Steel  is  the  only 
steel  made  that  is  guaranteed  for  valves 
and  fittings  for  Superheated  Steam. 


In   the    NELSON 

Steel  Foundry  no  Cast- 
ings are  made  except 
for  pressure  work.  The 
sole  requirement  i  s 
quality,  no  matter  what 
the  quantity  or  cost. 
Other  Steels  are  made  in 
foundries  where  they 
make  anything  from 
locomotive  frames  to 
car  couplers,  where  only 
large  quantities  o  f 
cheap  castings  is  the 
main  purpose.  The 
grade  is  low,  because 
the  castings  are  cheap. 


. 
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We  are  the  only  Valve 
Company  with  its  own 
acid  open  hearth  steel 
foundry.  We  were 
driven  to  make  our  own 
steel  because  we 
couldn't  buy  guaran- 
teed steel  castings  from 
any  steel  foundry  In  the 
United  States.  We 
found  that  with  skill 
andean  extra  thorough 
carefulness,  steel  cast- 
ings could  be  made,  and 
made  regularly,  back  of 
which  we  could  safely 
put  the  NELSON 
guarantee. 


Tapping  a  NELSON  Steel  Furnace. 

This  is  one  strong  reason  for  the  general  pref- 
erence for  the   NELSON   Steel  Valves. 

But  if  you  decide  to  use  Steel  Valves  or  Fittings 
other  than  NELSON,  remember  that  we  are 
willing  to  make  the  NELSON  Steel  for  other 
Valve  Companies  if  you  will  specify  it. 


Nelson  Valve  Company 

Philadelphia 


New  York 
30  Church  St. 

San  Fbancisco        Pittsburg  Minneapoli.s 

22  Battery  St.     517  Liberty  Ave.      622  Andrus  Bldg. 


Butte 
56  E.  Broadway 


Chtcago 
17  West  KlneleSt. 

Montreal 
12-14  University  St. 


j     ^fa    |g    pjj||i  Switchboard' 


^fTif  Wj  tttttt   '    ttnit      tt  t£ 
ii.tl  ISLE'tiiitlttt  •.(lini,,   i  ,  ," 


Switchboards  for  Every  Service 

Designed,   Manufactured,  Assembled,   Inspected 


by  the 


General  Electric  Company 


Principal  Office:    Schenectady,   N.  Y. 
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Foster  Superheaters 

Will  give  increased  efficiency  and 
economical  results  in  the  operation 
of  any  plant  using  steam.  Can  be 
applied  to  boilers  of  any  type,  old 
or  new. 

ADVANTAGES : 

Greater   efficiency   in   engines   and   turbines 
Increased  duty  of  pumping  engines 
Increased  capacity  of  steam  turbines 
No  drips  from  joints  or  stuffing-boxes 


Higher  temperatures  More  heat  units 

Greater  Volume  Water  troubles  eliminated 

Decreased  Friction  Saving  in  steam 

Saving  in  coal  Perfect  gas  properties 

Better  vacuum  Less  steam  to  condense 

Smaller  piping  Reduced  load  on  boilers 


USES: 

Steam  engines  Drying  rooms  Industrial  plants 

Steam  turbines         Chemical  works  Asphalt  reduction 

Heating  systems      Wood  preserving  Evaporating  tanks 


We  will  be  glad  to  send  you  some 
interesting  and  useful  publications 
dealing    with    this    whole    subject. 


POWER  SPECIALTY  COMPANY 

111  BROADWAY,  NEW  YORK 

BRANCH  OFFICES 

BOSTON  CHICAGO  PHILADELPHIA  PITTSBUP.GH 

SAN  FRANCISCO  BIRMINGHAM,  ALA. 
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Nash  Gas  Engines 

Operating  on  Producer 
Gas  furnish  the  most  Eco- 
nomical powerobtainable. 

Preferred  for  all  reliable 
power  requirements.  Ex- 
ceedingly close  regulation 
combined  with  great  econ- 
omy. 

Operate  on  Gas,  Gaso- 
line, Producer  Gas,  etc. 
Sizes  6  to  425  H.P. 

Send  for  Catalogue 
Makers  of  the  n.vorld  famous   Water  Meters  Crovjn,    Empire,,  Nash,    Gem,   Premier 

NATIONAL    METER    COMPANY 

^•fS"^      84  CHAMBERS  STREET,    NEW  YORK  J°h»  c. jcdiey. 

Chicago       Boston       Pittsburg      San  Francisco      Cincinnati      Los  Angeles 


IMMUNE  TO  the   evils    of    EXPANSION 


^^  PROVED         <^ 


ITS 


H—   SUPERIOR  COMPARATIVE  MERITS 

^^)  FOR 

C^        BOILER  BLOW-OFF.  ETC. 

BECAUSE   IT 

meets  requirements  perfectly 
without    repairs    or    complaint 

SPECIFIED  AND  USED  BY  LIS  P^o^^'ErpfUs 

JOHN  SIMMONS  CO..,  no  centre  st..  New  York,  N.Y. 


12 


THe  Improved 


Murphy   Automatic  Furnace 

We  ha\e  built  this  furnace  for  over  thirty  years,  improving 
it  wherever  possible  and  sparing  no  effort  nor  expense  to 
make    it    as    nearly    perfect    as    can    be    produced 

1 


The  largest  plant  in  the  world  devoted  exclusively  to  the  manufacture 
of  Automatic  Furnaces. 

We  will   be  pleased  to  send  full  details  and   description   on   application. 

MURPHY  IRON  WORKS,    Detroit,  Mich. 

FOUNDED1878  INCORPORATED    19  04 

U.  S.  Automatic  Injectors  have  an  Inter- 
national Reputation  for  Superiority 


They  have  just  as  firm  a  foot- 
hold abroad  as  at  home.  Only 
genuine  merit  has  placed  the 
"U.  S.  Automatic"  in  this  posi- 
tion. The  more  particular  you 
are  about  securing  reliable  boiler 
feeding — the  better  it  pleases 
us — for  the  U.  S.  is  a  reli- 
able boiler  feeder. 


ATER 


Send  for  our  Engineers'  "Red 
Book" — it  slips  right  into  the 
vest  pocket,  small  in  size,  but 
large  in  information 

AMERICAN    INJECTOR    COMPANY 

DETROIT,  MICH. 
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BLUE  PRINTS  are  often  desired  on 
short  notice  for  some  special  reason. 
The  engineer  depending  upon  sun  print 
frames  is  courting  disappointments. 

With  the  BUCKEYE  ELECTRIC 
BLUE  PRINTING  MACHINE,  perfect 
prints  can  be  made  at  all  times,  day  or 
night,  without  delay  or  trouble  and  at 
less  expense  than  by  any  other  method. 

This  is  owing  to  the  simplicity  of  de- 
sign, plus  thoroughness  of  construction 
which  make  it  fool  ]iroof  and  durable. 


Write  for  Catalog  "The  Sun  Thai  Never  Sets" 


BUCKEYE  ENGINE  CO. 

SALEM,  OHIO 


Condensers 

Papers  read  before 
The  American  Society  of  Mechanical  Engineers 

No.  Price 

291     Surface  Condensers,  J.  M.  Whitham $  .10 

534    An  Evaporative  Surface  Condenser,  J.  H.  Fitts 10 

693    A  Self  Cooling  Condenser,  R.  Alberger 20 

798    Cooling  Tower  and  Condenser  Installations,  J.  H.  Vail  20 

1072    Condensers  for  Steam  Turbines,  Geo.  I.  Rockwood ^0 

$  .80 

Set  Complete,  $  .75  Members'  rates  are  half  price 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York 

SCOTCH  BOILERS    DRY  AND  WATERBACK 


ALSO 

IMPROVED  MANNING 
VERTICAL    BOILERS 

AND 

SPECIAL   BOILERS 
FOR  STEAM  HEATING 


KINQSFORD  FOUNDRY  &  MACHINE  WORKS,    oswego,  n.y. 


u 


ECONOMY  IS  WEALTH 

STEAM  means  coal;  coal  costs  money;  if  you  would 
save  both  and  secure  the  maximum  of  power  at  a 
minimum  cost,  purchase  and  install  one  of  our  latest 
High  Speed  Corliss  engines  equipped  with  the  "Frank Im" 
(patent)  Plorizontal  Gravity  Latch-releasing  valve  gear. 
Highest  attainable  economy  and  close  regulation  guaran- 
teed. Rotative  speed  150  to  200  revolutions  per  minute. 
Direct  connected  or  belted  types,  either  simple  or  com- 
pound. 

Send  for  descriptive  catalogue 

HEWES  &  PHILLIPS  IRON  WORKS 

NEWARK,  N.  J. 


Every  Engine  requirement 
Ever  demanded  by 
Any  Power  Plant  finds 

Its  fulfil  Iment   in 

Ridgway  Automatic  Engines 

Write  for    Bulletins— Collection   H 

RIDGWAY    DYNAMO    AND    ENGINE    CO. 

RIDGWAY,    PA. 
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Just  a  few  Minutes 

spent  in  reg'rinding  tHese  valves 
maKes     tHem     as     good     as      ne'w. 

IvunKeiiKeiiner 

Kegrindin^  Valves 

require  no  extra  parts  when  the  seating  faces  are 
worn.  They  can  be  reground  quite  a  number  of  times 
with  very  little  trouble  and  without  necessitating 
their  removal  from  the  connecting  pipe.  The  valves 
can  be  packed  under  pressure  when  wide  open  and  the 
areas  throughout  the  bodies  are  largely  in  excess  of 
the  nominal  diameter  of  the  connecting  pipe,  the 
bronze  used  contains  a  high  percentage  of  copper  and 
tin  and  the  workmanship  is  of  the  highest  grade. 
Lunkenheimer  Regrinding  Valves  are  made  in  two 
weights,  medium  and  e.xtra  heavy  patterns  and  are 
guaranteed  for  working  pressures  up  to  200  and  300 
pounds  respectively. 
"MOST  supply  houses  sell  them,  yours  CAN— if  they  DONT  or  WONT  —  tell  US." 
Write  for  Catalogue. 

Thie    LrunKenHeimer    Company 

Largest  Manufacturers  of  High  Grade  Engineering  Specialties  in  the  World. 
General  Offices  and  Works,  CINCINNATI,   OHIO,   U.  S.  A. 


NEW  YORK, 

64-68  Fulton  St. 


CHICAGO, 

186  North  Dearborn  St. 


LONDON,  S.  E. 
35  Great  Dover  St. 


BOSTON 
138  High  St. 


NEW  ORLEANS,    Tul.>ne  Newcomb  Bldg. 


44 


Conservative   Design'' 


has   made  thousands  of  satisfied   customers  and 
has  been  a  large  factor  in  gaining  for 

AUis-Chalmers  Elactrical  Machinery 


its    enviable    reputation    as    the   best    electrical 
machinery  that  can   be   made. 

WRITE  FOR  BULLETINS 


Allis  - CKalitiers    Coitipai\y 

Oeneral  Offices  Mil'w^auKee,  Wisconsin 

Offices  in  all  Principal  Cities 


THE  BABCOCK  &  WILCOX  COMPANY 

85  UBERTY  STREET,  NEW  YORK 

Water  Tube  Steam  Boilers 


STEAM  SUPERHEATERS 


MECHANICAL  STOKERS 


WorkK   BARBERTON.  OHIO     BAYONNE,  N.  J. 


BOSTON,  35  Ftderal  St. 

PITTSBURGH,  Farmers  Deposit  Bank  BIdg 

SALT  LAKE  CITY,  313  Atlas  Block 

CLEVELAND,  New  England  BIdg. 

LOS  A.Vr.ELES,  American  Bank  BIdg. 


BRANCH   OFFICES 
PHILADELPHIA,  North  American  Bid 
NEW  ORLEANS,  Shubert  Arcade. 
CHICAGO.   Marquette  BIdg 
PORTLAND,  ORE.,  Wells-Fargo  BIdg. 
SE.VrrLE.  Mutual  Life  BIdg. 


SAN  FRANCISCO,  99  First  Str«l 
DENVER,  435  Seventeenth  Street 
ATLANTA,  Candler  BIdg. 
HAVANA,  CUBA,  116)  Calle  de  la  Habans 
CINCINNATI,  Traction  BIdg. 


Jenkins  '96   Packing  Forms  a 
Perfect  and  Lasting  Flange  Joint 

It  is  made  of  high  grade  rubber  composition,  soft  and  flexible 
enough  to  readily  fill  up  any  roughness  or  unevenness  of  surfaces. 

When  steam  is  turned  on  it  vulcanizes  in  place  writhout  losing 
any  of  its  strength  or  toughness,  and  thus  makes  a  tight  and  per- 
manent joint.     It  is  light  in  weight,  and  consequently  low  in  price. 

Give  it  a  trial  in  one  of  the  severe  places.      It  is  guaranteed. 


JENKINS     BROSi,       new  YORK       boston       PHILADELPHIA       CHICAGO 


THE  A.  &.  F.  BROWN  CO. 

ENGINEERS,     FOUNDERS,     MACHINISTS 
AND     MILLWRIGHTS 

POWER     TRANSMISSION 
MACHINERY 

DESIGNED,    FURNISHED   AND    ERECTED 

SPECIAL     MACHINERY 

IRON     CASTINGS 


Friftioii  Clutch  Pulleys 
and  Coupling.s 

WORKS:    ELIZABETHPORT 

NEW  JERSEY 


Gear.'i  of  all  kinds 
and  sizes 


SALES    ROOM;    172    FULTON   ST. 
NEW  YORK  CITY 


POWER  FOR  2c  A  KW.  HOUR 

If  you  are  paying  more  than  this  for  lighting  and  power  current 
you  are  throwmg  good  money  away, — might  just  as  well  get  a  K.W. 
hr.  lor  two  cents  and  put  the  difference  m  your  pocket.  Hundreds 
ol  plants  are  already  running  as  economically  as  this  by  using 

AMERICAN  BALL  ANGLE  COMPOUND 

DIRECT  CONNECTED  UNITS 

The  Angle  Compound  Unit  is  built  especially  for  isolated  plaot 
service.  It  has  superior  steam  economy,  gets  twice  as  much  power  an 
the  same  floor  space  as  a  simple  engine,  needs  very  little  attention 
(as  it  has  no  complicated  valve  gears  and  automatic  lubrication) , 
sets  up  absolutely  no  vibrations,  and  is  therefore  suitable  for  use  in 
apartment  houses,  hospitals,  hotels,  etc.    Write  for  catalog. 

AMERICAN  ENGINE  COMPANY 


42  RARITAN  AVE. 


BOUND  BROOK,  N.  J. 


Massachusetts    Standard   Quality 

BOILERS 

Return  Tubular  Internally  Fired  Upright  and  Water  Tube 

PLATE  WORK  OF  EVERY  DESCRIPTION 

ROBB  ENGINEERING  CO.  Ltd. 

Waverly  St.,  South  Framingham,   Mass. 


Standard    Bearings 

<SRB>  solve  <SRB> 

bearing    problems 

standard  Roller   Bearing  Company 
Philadelphia 

GAS  POWER 

Papers  read  before 
The  American  Society  of  Mechanical  Engineers 

Price  List 
1100     Producer  Gas  Tests  of  U.  S.  Geological  Testing  Plant, 

R.  H.  Fernald $0.30 

1126     Producer  Gas  Power  Plant,  J.  R.  Bil)bius 20 

1133     On  the  Evolution  of  Gas  Power,  F.  E.  Junge 50 

1166     Duty  Test  on  Gas  Power  Plant,  J.  R.  Bibbins 40 

1205     Loss  of  Fuel  Weight  in  a  Freshly  Charged  Producer, 

N.  T.  Harrington 20 

1238  Marine  Producer  Gas  Power,  C.  L.  Straub 20 

1239  Operation  of  a  Small  Producer  Gas  Power  Plant,  C.  W. 

Obert 10 

1264    Bituminous  Gas  Producers,  J.  R.  Bibbins, 20 

Some  Operating  Experiences  with  a  Blast  Furnace  Gas 

Power  Plant,  H.  J.  Freyn 90 

Notes  on  a  Heavy  Duty  Gas  Producer,  Nisbet  Latta  .      .  10 

Set  complete,  $2.80  Members' rates  are  half  price  (»q    i  rv 

Address  Calvin  W.  Rice,  Secretary,  29  W.  39th  St.,  New  York. 
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HEINE   Wb'e"   boilers 

and 

superheaters 

In   units  of  from  50  to  600  H.  P. 

Heine  Safety  Boiler  Co.,  St.  Louis,   Mo. 

BRANCH    OFFICES 
Boston     New  York     Philadelphia     Pittsburgh     Chicago     Cincinnati       New  Orleans 

THE  WM.  H.  BRISTOL 
ELECTRIC  PYROMETERS 

equipped  with  the  patented  sectional  thermo- 
couple consisting  of  Fire  End  and  Extension 
Piece  and  furnished  with  Weston  Electrical 
movements. 

Catalogued  m  5G-page  illustrated  Bulletin 
No.  130  which  will  be  mailed  upon  request. 

Pee  also  new  64-page  illustrated  Bulletin  No. 
160  which  is  a  condensed  general  catalogue  of 
Bristol  Instruments  for  pressure,  temperature 
and  electricity. 

THE     BRISTOL     CO.,      waterbury,   Connecticut 


The  Excellent  Economy  of 
HAMILTON    CORLISS    ENGINES 

is  possible  by  their 
small  volumetric 
clearance,  high  me- 
chanical efficiency 
and  fine  workman- 
ship. 

Send  for  Bulletin    F 

THE  HOOVEN,  OWENS,  RENTSCHLER  CO. 


Hamilton,  Ohio 


WE   SPECIALIZE 

We  concentrate  our  entire  attention  on  valves  and  hy- 
drants and  do  not  have  a  line  of  miscellaneous  sundries 
such  as  fittings,  boiler  trimmings,  etc.,  to  divide  our 
interests.     Thus  we  can  give  valves  particular  attention. 

The  result  of  this  concentrated  effort  is  shown  in  Ken- 
nedy Valves — it  shows  in  their  design,  workmanship 
and  finish. 

THE  KENNEDY  VALVE  MFG.  CO. 

Main  Office  and  Works,   1028  E.  Water  St..  ELMIRA.  N.  Y. 
Branch  Office  and  Warehouse.  45  Beekman  St..  NEW  YORK  CITY. 
Agencies,  666  Western  Union  Bldg.,  Chicago,  III. 

600  Bessemer  Bldg.,  Pittsburg,  Pa. 

262  Market  St.,  San  Francisco,  Cal. 
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CTHE  TRIPLEX  BLOCK') 


For  economy  and  durability 

the  Triplex  Block  is 

without  an  equal 

Thousands  of  Triplex  Blocks,  sold  years  ago,  are  in 
daily  use  for  serving  machine  tools — more  are  being  sold 
every  day. 

Their  unimpaired  efficiency,  after  years  of  hard  service, 
is  due  not  only  to  the  way  we  make  them,  but  to  the  tests 
under  a  S0%  overload  to  which  we  subject  every  one 
before  shipment.     The  Triplex  Block  never  had  an  equal. 

Triplex  [    16  sizes:     One  quarter  of  a  ton  to  forty  tons 
Blocks  \  300  Active  Stoclts  all  over  the  United  States 

T/ie  Book  of  Hoists  is  -ivell  --vorth  a  postcard 

The  Yale  &  Towne  Mfg.  Co. 


Also  Duplex  Blocks,  Differential  Blocks  and  Electric  Hoists 


9  Murray  Street 


New  York,  U.  S.  A. 


THE 

STANDARD 

WIRE 

ROPE 
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MEAD -MORRISON 

MANUFACTURING  COMPANY 


ELECTRIC   HOISTS 

npHE     Mead- Morrison     line    of 

^    Electric  Hoists  includes  types 

adapted  for  every  class  of  service. 

They  are  designed  and  constructed  to  meet 
the  most  exacting  requirements  of  Quarry- 
men,  Contractors  and  Bridge  Builders; 
Railroad,  Dock,  Sewer  and  Subway  Con- 
struction; Dredging,  Logging,  Hauling, 
Erecting  and  Driving;  Ships,  Docks,  Coal 
Wharves,  Mines,  etc.  Our  Engineers  will 
be  glad  to  co-operate  with  you  in  solving 
your  hoisting  problems.  Correspondence 
invited. 


Works  and  Main  Office:  CAMBRIDGE,  MASS. 


NEW  YORK 
149  Broadway 

PITTSBURG 
108  Parkway,  X.  S. 


CHICAGO 
Monadnock  Block 

SAN  FRANCISCO 
Metropolis  Bank  Bldg. 

MONTREAL,  286  St.  James  Street 


BALTIMORE 

903  Maryland  Trust  Bldg. 

NEW  ORLEANS 
110  N.  Peters  St. 
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5  Tons  of  Conveyor  Belting 

The  above  is  a  photographic  reproduction  of  a  nine  ply,  30-inch,  '"Longlife"' 
conveyor  belt,  1500  feet  in  length,  weighing  in  excess  of  five  tons,  which  we 
recently  made  for  one  of  our  customers.  This  belt  speaks  volumes  for  the  ex- 
plicit confidence  placed  by  Goodrich  patrons  in  Goodrich  quality  of  belting. 

"The  Largest  Rubber  Factory  in  the  World" 

THE  B.  F.  GOODRICH  COMPANY 

AKRON,  OHIO,   U.  S.  A. 


Conveyors 

Papers  read  before 
The  American  Society  of  Mechanical  Engineers 

List 
No.  Price 

430  Hydraulic  Hoistino  Plant  for  Pier  of  Brooklyn  Sugar 

Refining  Co.,  Engel $    .  20 

544  Haulage  by  Horses,  Briggs 40 

1090  Measuring  and  Mixing  of  Crushed  Materials,  Trump.        .20 

1190  Hoisting  and  Conveying  Machinery,  Titcorab 20 

1191  Continuous  Conveying  of  Materials,  Peck 20 

1192  The  Belt  Conveyor,  Baldwin 20 

1193  Conveying  Machinery  in  a  Cement  Plant,  Tomlinson.      .10 

1194  Performance  of  Belt  Conveyors,  Haddock 10 

1195  Discussion  on  1190,  1191,  1192,  1193,  1194 30 

1234  A  Unique  Belt  Conveyor,  Soper, 10 

1235  Automatic  Feeders  for  Handling  Material,  Baldwin, .  .      .  10 

2TlO 

Price  per  set,  $2.00  (Members'  rates  are  half  the  list  price) 

Address,  Calvin  W.  Rice,  Secretary,  29  W.  39th  Street,  New  York 


designed  and  machined, 
seatina;  unnecessary. 


Jeffrey 

Power  Transmission 

Machinery 


Jeffrey  Improved  Iron   Split    Pulley 

with  interchangeable  l)ushings. 

This   pulley   being  split   is    quickly 
mounted  on  shaft  without  interference 
to  other  equipment.      It  is  perfectly 
Clamp  hub  and  set  screws  make  key- 


Economical  Transmission  equipments  for  severe  service. 
Also  manufacturers  of  Elevators,  Conveyers,  Screens, 
Crushers,    Coal    and    Ashes    Handling    Machinery,   etc. 

Send  for  Catalogs  on   Subjects  of  interest 

JEFFREY  MFG.  CO.,      Columbus,  Ohio 


THE 


HJREEDY.Nr^*" 

CINCINNATI,  O. 

ELEVATORS 

EVERY  TYPE 

CLYDE  Hoisting  Engines 

—  EMBODY  — 
Steel  Gears  and  Ratchets,  Bronze  Bushed  Drums, 
Large  Shafts  and  Bearings,   Positive  Frictions, 
Large  Boilers  and  other  Important  Features 
Send  for  Descriptive  Catalog 
CLYDE  IRON  WORKS 

DULUTH,  MINN. 

CHICAGO,  ILL.,  318-19   FISHER    BLDG. 

NEW  ORLEANS  SAVANNAH  HOUSTON,   TEXAS 

421  Carondelet     501  Germania  1415  Carter 

Street  Bank  Bide.  BIdg. 


NEW  YORK 

30  Church 
Street 
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ALLIANCE  CRANES  AH  Types 

Also  Rolling 
Mill  and 
Hydraulic 
Machinery, 
Steam  Ham- 
mers, Punches  and  Shears,  Scale  Cars,  Copper 
Convetting  Machinery,  etc. 


ALLIANCE,   OHIO 


THE  ALLIANCE  MACHINE  CO. 


PittsluuK  Office,    I-"Tief<  fluff. lii 


ilirmingfiam  Office,  Woodward  Building 


wt 
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ELECTRIC   TRAVELERS 
,AII  Types  for   Every  Service 


COMPLETE  EQUIPMENT 

AXD  Cranes  of  Ai.l  Kinds  for 
GREY  IRON,  STEEL  AND  MALLEABLE 

FOUNDRY  PLANTS 

Buildings  designed  and  furnished.  Equip- 
ment installed  and  operated.  Plant 
delivered   to    purchasers   ready  to   run. 

Whiting  Foindry  EqiipmentCo. 

Manufacturers,  Engineers,  Designers 
HARVEY,  ILL.  (Chicago  suburb) 


WE  MAKE  CRANES  OF  ALL  TYPES  UP  TO   150  TONS— We  also  make 

grab  bucket  cranes 
and  hoists  for   coal 

storage  service. 

We  send  bulletins 

describing  same  on 

request. 

You  get  the  most 

Reliable  Cranes  in  the  "NORTHERN." 

Safety  to  binployees  Given  Especial  Consideration  in  All  Our  Desigits 

NORTHERN  HIGH  GRADE  CRANES. 
NORTHERN  ENGINEERING  WORKS, ^^1^°'^ 


New  York  Office,    120  Liberty  St. 


Chicago,  539  Monadnock 


Elevators 

Papers  read  before  The  American  Society  of  Mechanical  Engineers 

No.  Price 

820  Elevator,  C.  R.  Pratt $0.50 

940  Elevator  Safeties.  C.  R.  Pratt 10 

981  Test  of  a  Hydraulic  Elevator  System,  R.  P.  Boiton 10 

1128  Test  of  a  Plunge  Elevator  Plant,  A.  J.  Herschmann 30 

1161  A  High-speed  Elevator,  C.  R.  Pratt 40 

1300  Operating  Conditions  of  Passenger  Elevators,  R.  P.  Bolton 10 

^$L50 

Members'  rates  are  half  price 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York 
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simplex  not  Duplex 
"To  be  simple 
is  to  be  great" 


Compound  Packed  Plunger  Pump. 


Steam  and  Power  Pumping  Machinery 

For  every  service 

American  Compound  Pumps  work- 
ing on  Elevator  or  Water  Works 
service  have  shown  a  very  low  steam 
consumption  and  a  minimum  main- 
tenance cost. 

They  have  been  found  reliable 
and  ready  to  work  with  the 
Governor. 

Our  No.  18  Catalogue  goes  into  details. 


American  Steam  Pump  Company, 


Battle  Creek,  Mich. 
U.  S.   A. 


GOULDS  ROTARY  PUMPS 

We  offer  the  most  complete  line  of 
Rotary  Pumps  for 


General  Water  Supply 
Chemicals    and   Acids 


Fire  Protection 
Pumping  Oils 

Catalog  on  request 

THE  GOULDS  MFG.  CO. 

SENECA  FALLS  NEW  YORK 


CENTRIFUGAL 
PUMPING  MACHINERY 

Of  all   Descriptions 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,   N.  Y. 

HENION  &  HUBBELL,  Agents,  61-69  N.  Jefferson 

Street,  Chicago,  III. 

H.  A.  PAINE,  Agent,  Houston,  Tex 
New  York  Office,  139-41  Cortlandt  Street 


VENTURI    METER 

FOR  BOILER  FEED  LINES 


VENTURI  METER   TUBE 


It  is  frequently  desirable  to  have  a  large  Venturi  Meter  on  the  main 
feed  line  supplying  an  entire  battery  of  boilers,  and  in  addition  to  have 
a  small  Venturi  Meter  on  the  feed  line  to  each  individual  boiler  or  pair 
of  boilers. 

BUILDERS     IRON     FOUNDRY,     providence,  r.  i. 


V^ 


J 
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ENGINEERING  SCHOOLS  AND  COLLEGES 


NEW  YORK  UNIVERSITY 
SCHOOL  OF  APPLIED  SCIENCE 


POLYTECHNIC    INSTITUTE    OF 
BROOKLYN 


Departments  of  Civil,  .McclKiiiical  and  Clierii- 
ical  Engineering. 

For  announcements  or  information,  address 
Charles  Henry  Snow,  Dean. 

UNIVERSITY   HEIGHTS,  N.  Y.  CITY. 


Course  in  Mechanical  Engineering,  Even- 
ins  Pest-Graduate  Courses.  Fred.  W.  Atkin- 
son, Ph.  D.,  President;  W.  D.  Ennis,  Member 
A.  S.  M.  E.,  Professor   Mechanical  Engineering. 


TUFTS  COLLEGE 

Department  of  Engineering.  Civil,  Me- 
chanical, Electrical  and  Chemical  Engineering. 
New  laboratories  and  excellent  equipment. 
Beautiful  site  within  four  miles  of  Boston.  Pre- 
paratory department  for  students  who  have  had 
engineering  practice,  but  insufficient  prepara- 
tion for  college  work.  For  Information  concern- 
ing courses  and  positions  of  graduates,  address 

Prof.  G.  C.  Anthony,  Dean, 

TUFTS  COLLEGE  P.  O.,   MASS. 


THE   RENSSELAER   POLYTECH- 
NIC INSTITUTE 

Courses  In  Civil,  Mechanical  and  Electrical 
Engineering  and  General  Science  leading  to  the 
degrees,  C.  E.,  M.  E.,  E.  E.  and  B.  S. 

Unsurpassed  laboratories  for  Mechanical  and 
Electrical  Engineering. 

Catalogue  sent  upon  apiilication,  TROY,N.Y. 


PROFESSIONAL  CARDS 


THE  ARNOLD   COMPANY 

ELECTRICAL  TESTING 
LABORATORIES 

Electrical  and  Mechanical  Laboratories 

Engineers — Constructors 
Electrical— Civil— Mechanical 

Tests  of  Electrical  Machinery,  Apparatus  and 
Supplies.     Materials     of     Construction,     Coal, 
Paper,  etc.     Inspection  of  Material  and  Appa- 
ratus at  Manufactories. 
80th  Street  and  East  End  Avenue. 

105  South  La  Salle  Street,  CHI 

CAGO. 

NEW  YORK  CITY. 

CHAS  T.  MAIN 

BERT  L.   BALDWIN 

Member  A.  S.  M.  E. 

Member  A.  S.  M.  E.  and  A.  I.  E. 

E. 

Mill  Engineer  and  .\rchitert 

Plans,  Specifications  and  Superinteni 

ence  of 

201  Devonshire  Street,          BOSTON,   MASS. 

Equip- 

ments  of  same. 

Perin  Building,  CINCINNATI 

OHIO 

J.   Wm.  PETERSON 

Lubrication  Engineer 

F.  VV.  Dean       H.  M.  Haven      Wm.  W. 
Members  A.  S.  M.  E. 

F.  W.  DEAN,  INC., 

Crosby 

Specialty:  Plans,  Specifications  and  Superintend- 
ence of  Power  Plant  Oiling  Systems  and 
General  Machinery  Lubrication 

50  Church  Street              NEW  YORK  CITY 

Mill  Engineers  and  Architects 

SPECIAL  RATES 

Exchange  Building,  53  State  St. 

Will  be  quoted  on  request  for 

BOSTON,    MASS. 

Professional  Cards. 
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MACHINE   SHOP   EQUIPMENT 


MACHINE  SHOP  EQUIPMENT 


THE  ALLEN  MFG.   CO.   Inc. 

HAIITFORU,  CONN. 
Allen  Patent  Safety'  Set  Sirews.     Made  from  high-test  steel  bars  and 
■warranted  fully  as  strong  as  the  best  projecting  screw  made,  besides  eliaii- 
niting  danger  on  rotating  shafts. 


SAFETY 

SET  SCREW 


BUTTERFIELD  &  CO. 

Dekhv  Line,  Vt,         New  York,  126  Chambers  St.         Rock  Islaxd,  P.  Q, 
Manufacturers   of  Taps,    Dies,    Screw   Plates,    Stocks   and    Dies,   Tap 
Wrenches,  and  all  Thread  Cutting  Tools.     Our  goods  are  not  surpassed  by 
anv  in  the  world. 


TAPS 
AND 
DIES 


THE  CARBORUNDUM  COMPANY 

NIAGARA  FALLS,  N.  Y. 
Sole  manufacturers  in  America  of  Carborundum,  the  hardest,  sharpest,  quickest 
cutting:  and  most  uniformly  perfect  abrasive  material  known.  The  Carborundum  pro- 
ducts include:  Grinding:  Wheels  for  every  possible  grinding  need.  Sharpening  Stones, 
Oil  Stones,  Kubbing  Bricks,  Carborundum  Paper  and  Cloth,  Valve  Grinding  Compound, 
Carborundum  Grains  and  Powders,  and  Garnet  Paper. 


CARBORUNDUM 
PRODUCTS 


THE   J.    M.    CARPENTER  TAP  &  DIE  CO. 

PAWTUCKET,  R.  L 
Carpenter's  Tools  for  cutting  Screw  Threads,  Taps,  Dies,  Screw  Plates, 
Dies  and  Stocks,  Tap  Wrenches,  etc.,  have  been  38  years  on  the  market 
and  38  years  in  the  lead. 


TAPS 

and 

DIES 


CINCINNATI  GEAR  CUTTING  MACHINE  CO. 
CINCINNATI,  O. 

Our    Automatic    Spur  Gear  Cutting  Machines  exceed  in    power   and 
capacity  and  equal  in  accuracy  any  machines  of  their  type  made. 


GEAR 

CUTTING 

MACHINES 


THE    CINCINNATI    SHAPER    CO. 

CINCINNATI,  O. 
We   manufacture  the   most  complete  line  of  Shapers  made,  including 
Plain  Crank,  Back  Geared  Crank,  Geared  Rack,  Open  Side  and  Traverse 
Shapers,  as  well  as  Crank  Planers. 


SHAPING 
MACHINES 


THE  FELLOWS  GEAR  SHAPER  CO. 

SPRINGFIELD,  VT. 

The  Gear  Shaper  cuts  the  smoothest  gears  in  use,  because  the  cutter  is  a  theoreti- 
cally correct  generating  tool  and  is  ground  after  being  hardened.  It  is  also  the 
fastest  machine  on  the  market  by  25  to  50%.     Literature  gives  reasons  in  detail. 


GEAR 
SHAPERS 
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MACHINE  SHOP  EQUIPMENT 


THE  GARVIN  MACHINE  COMPANY 

MILLING         '    13T  Varick  St.  NEW  YORK  CITY 

MACHINES  Manufacturers  of  a  complete  lineof  Plain  and  Universal  Milling  Machines,  Screw 

j    Machines,  Monitor  Lathes,  Tapping  Machines,  Duplex  Drill  Lathes,  Speed  Lathes,  Cut- 
ter Grinders,  Automatic  Chucks,  etc. 


AIR 

COMPRESSORS 

AIR  TOOLS 

AND    HOISTS 


INGEllSOLL-KAND    COMPANY 

11  Broadway  NEW  YORK 

Air  Compressors,  twenty  standard  types,  capacity  S  to  sooo  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes:  "Imperial"  Air  Motor 
Hoists,  capacity  i  to  5  tons. 


TURRET 
LATHES 


JONES  &  LAMSON  MACHINE  CO. 

SPRINGFIELD,  VT. 

Manutacturers  of  the  Hartness  Flat  Turret  Lathe;  made  in  two  sizes 
for  both  bar  and  chuck  work. 


HEAVY  DUTY 

BORING 

MILLS 


THE  KING  MACHINE  TOOL  CO. 

CINCINNATI,  O. 

Vertical  Turret  Machines,  28"  and  34".      Vertical  Boring  and  Turning 
Machines,  42"  to  84",  inclusive. 


LATHES 

MILLING 

MACHINES 


THE  R.  K.  LE  BLOND  MACHINE  TOOL  CO. 

CINCINNATI,    OHIO. 

We  manufacture  a  complete  line  of  Heavy  Duty  Lathes  and  Milling  Machines. 
They  are  scientifically  designed,  so  the  power  is  limited  only  by  the  strength  of  the 
cutting  tool.     It  will  pay  you  to  investigate  our  machines.     Catalogue  upon  request. 


MACHINE 
TOOLS 

ENGINEERING 
SPECIALTIES 


MANNING,  MAXWELL  &  MOORE,    Inc. 

SINGER  BUILDING,  NEW  YORK 
Are  the  largest  and  best  known  distributors  of  Machine  Tools  in  the 
world   and   carry  in  stock  the  product   of  the  foremost  designers  of  the 
many  branches  of  machine  tool  building  in  the  United  States. 


PINIONS 

AND 

GEARS 


THE  NEW  PROCESS  RAW  HIDE  CO. 

SYRACUSE,  N.  Y. 

Manufacturers  of  New  Process  Noiseless  Pinions  and  also  of  accurately 
cut  Metal  Gears  of  aU  kinds. 


MACHINE 
TOOLS 
CRANES 


NILES-BEMENT-POND   CO. 

Ill  Broadway  NEW  YORK 

Metal  Working  Machine  Tools,  all  kinds  and  sizes.  Niles  Cranes,  2  to 
200  tons  capacity.  Hydraulic  Machinery.  Steam  and  Drop  Hammers. 
Small  Tools  and  Gauges.     Catalogs  mailed  upon  request. 
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MACHINE  SHOP  EQUIPMENT 


RUSSELL,   BURDSALL  &  WARD  BOLT  &  NUT  CO. 

PORT  CHKSTER,  N.  Y. 

Manufacturers  of  the  finest  f>Tade  of  Bolts  and  Nuts  for  automobiles, 
machinery  and  engineering  work. 


WALTHAM  MACHINE  WORKS 

WALTHAM,  MASS. 

Our  Bont'h  Lathes  swing'  S".  will  faike  |"  rod  throuffli  the  chuck  ami  the  workman- 
ship is  of  the  highest  watcli  machine  standard.  It  is  a  necessity  in  tlie  modern  tool 
room.  Cat;dog  for  those  interested.  Also  makers  of  Automatic  Precision  Bencli 
Machinery. 


BOLTS 

AND 
NUTS 


PRECISION 
BENCH 
LATHES 


THE  WARNER  &  SWASEY  COMPANY 

CLEVELAND,  OHIO 
BRANCH  OP^FICES:  NEW  YORK  CHICAGO  DETROIT 

We  otter  a  most  complete  line  of  high-grade  Turret  Lathes  for  producing  work 
accurately,  rapidly  and  economically.  Our  catalog,  which  describes  these  machines 
fully,  will  he  mailed  on  request. 


TURRET 
LATHES 


WELLS  BROTHERS  COMPANY 

GREENFIELD,  MASS. 

We  make  and  sell  the  Little  Giant  line  of  Taps,  Dies,  Screw  Cutting 
Tools  and  Machinery. 


TAPS  AND 
DIES 


STEAM   ENGINES  AND  BOILERS 


ALMY  AYATER  TITRE  BOILER  CO. 

PROVIDENCE,   R.  I. 

Manufacturers  of  Almy  Patent  Sectional  Water  Tube  Boilers  for  steam.ships, 
river  steamers,  both  propeller  and  stern  wheel,  torpedo  boats.  Are  boats,  launches. 
Donkey  Boilers  for  steamships  and  for  all  kinds  of  sbitionary  work. 


WATER    TUBE 
BOILERS 


AMERICAN    ENGINE   CO. 

42  Rahitan  Ave.  BOUND  BROOK,  N.  J. 

Builders  of  American  Ball  Anj^le  Compound  Engines.  Angle  com- 
pound, 80  to  1,000  h.  p.;  double  angle  compound,  160  to  2,000  h.  p.;  four 
cylinder  triple,  120  to  1,600  h.  p. 


ENGINES 


THE  BABCOCK  &  WILCOX  COMPANY 

85  LIBERTY  Street,  NEW  YORK 

Water  Tube  Steam  Boilers,  Steam  Superheaters,  Mechanical  Stokers. 


WATER  TUBE 
BOILERS 
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STEAM 
ENGINES 


STEAM    ENGINES    AND    BOILERS 


BALL  ENGINE  COMPANY 

ERIE,  PA. 

Builders  of  Ball  Single  Valve  Automatic  and  High  Speed  Corliss  Engines  with 
non-detaching  valve  gear,  for  direct  connection,  or  belting  to  electric  generators. 


ENGINES 
STEAM  AND  GAS 


BUCKEYE  ENGINE  CO. 

SALEM,  OHIO 
Builders  of  Steam  and  Gas  Engines;  high  in  duty,  superior  in  regu- 
lation.    Buckeye  Four-Stroke  Cycle  Gas  Engine,  single  and  double-acting, 
in  powers  from  jO  to  (>()0()  h.  p. 


STEAM 
BOILERS  AND 

ENGINES 
FEED-WATER 

HEATERS 


ERIE  CITY  IRON  AYORKS 

ERIE,  PA. 

Boilers:  \\;iter  tube,  horizontal  tulnilar,  return  tubular,  water  bottom  porfcible, 
open  bottom  portable  and  vertical  tububir.  Engines:  four  valve,  enclosed  high  speed, 
automatic,  center  crank,  side  crank,  portable.     Feed-Water  Heaters  from  25  to  600  h.p. 


STEAM 
ENGINES 


HARRISBURG  FOUNDRY  &   MACHINE  WORKS 
HARRISBURG,   PA. 

Manufacturers  of  Fleiuing-Harrisburg  Horizontal  Engines,  Corliss  and 
Single  Valve,  Simple,  Tandem  and  Cross  Compound. 


WATER 

TUBE 

BOILERS 


HEINE  SAFETY  BOILER  CO. 

ST.  LOUIS,  MO. 

Heine  Water  Tube  Boilers  and  Superheaters,  manufactured  in  units  of 
from  50  to  600  H.  P.,  will  materially  reduce  power  plant  expense. 


STEAM 
ENGINES 


HEWES  k  PHILLIPS  IRON  WORKS 

NEWARK,  N.  J. 
Makers  of  improved  Patent,  Double  Port  Corliss  Engines,  Heavy  Duty 
or  Girder   Frame,  Simple  or  Compound,   having  our  new  Franklin  High- 
speed Liberating  Valve  Gear. 


ENGINES 
TURBINES 
CASTINGS 


THE  HOOVEN,  OWENS,  RENTSCHLER  CO. 

HAMILTON,  OHIO. 
Manufacturers  of  Hamilton  Corliss   Engines,   Hamilton  High  Speed 
Corliss    Engines,    Hamilton    Holzwarth    Steam   Turbines,    Siiecial    Heavy 
Castings. 


OILERS 


KINGSFORD  FOUNDRY  &  MACHINE  WORKS 
OSWEGO,    NEW  YORK 

Scotch  Boilers,  Dry  and  Waterback;  also  Improved  Manning  Verti- 
cal Boilers,  and  Special  Boilers  for  Steam  Heating. 
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STEAM   ENGINES  AND   BOILERS 


PROVIDENCE  ENGINEERING  AVORKS 

PROVIUENCK,  H.  I. 
Rice   &    Sarfi^ent    Higher    Speed    Corliss    Engines,    Improved   CJreene 
Engines,  Providence  Gas  Engines  and  Gas  Producers,  Providence  Steam 
Turbines,  Automobile  Motors  and  Parts,  Special  Machinery. 


STEAM   AND 

GAS  ENGINES 

GAS 

PRODUCERS 

STEAM 

TURBINES 


RIDGWAY  DYNAMO   AND  ENGINE  CO. 

RIDGWAY,  PA. 

Ridgway  Engines;  foiir-valve,  cross  compound,  belted,  single-valve, 
tandem  compound,  direct  connected.  Ridgway  Generators;  alternating 
current,  direct  current,  belted  and  engine  types. 


ENGINES 
GENERATORS 


ROBB  ENGINEERING  CO.,  LTD. 

Waverly  St.,  SOUTH  FRAMINGHAM,  MASS. 
ISl  State  St.,  BOSTON  90  West  St.,  NEW  YORK 

Robb-Brady  Internally    Fired   BoiltT,   Water  Tube,    Return  Tubular, 
and  other  types  of  boilers;  Smoke  Stacks,  Tanks,  etc. 


BOILERS 


THE  WESTINGHOUSE  MACHINE  CO. 

EAST  PITTSBURG,  PA. 

Designers  and  builders  of  Steam  Turbines,  Steam  Engines,  Gas  En- 
gines, Gas  Producers,  Condensers  and  Mechanical  Stokers. 


TURBINES 

ENGINES 

GAS 

PRODUCERS 

CONDENSERS 

STOKERS 


GAS  ENGINES  AND  GAS  PRODUCERS 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 

Builders  of  Gas  Engines  to  operate  on  producer  gas,  natural  gas  or 
furnace  gas,  capacities  from  300  to  5000  B.H.P. 


THE  BRUCE  MACBETH  ENGINE  CO. 

Successors  to  THE  BRUCE-MERIAM-ABBOTT  COMPANY 
2116   Centre  St.,  N.  W.,   CLEVELAND,  O. 
Vertical  Gas  Engines,  Two  and  Four  Cylinders.     For  natural  or  pro- 
ducer gas.      15  to  300  H.  P.     Economy,  reliability  and  simplicity  unex- 
celled. 


GAS 
ENGINES 


GAS  ENGINES 

AND 

PRODUCERS 


DE  LA  VERGNE  MACHINE  COMPANY 

1123  E.  138th  St.  NEW  YORK  CITY 

Refrigerating  and  Ice  Making  Machinery,  5  to  600  tons  capacity;  Oil 
Engines  up  to  350  B.  H.  P.;  Gas  Engines  75  to  2400  B.  H.  P. 
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REFRIGERATINQ 

and 

ICE    MAKING 

MACHINERY 

OIL   AND    GAS 

ENGINES 


OIL 
ENGINES 


GAS  ENGINES  AND  GAS   PRODUCERS 


AUGUST  MIETZ  IRON  FOUNDRY  &  MACHINE  WORKS 
123  MoiT  St.,  new  YORK 

Oil  Enfi:iiies,  Manne  and  Stationary,  2-400  h.p.,  150,000  h.p.  in  oper- 
ation. Direct  coupled  or  belted  to  Generators,  Air  Compressors,  Pumps, 
Hoists,  etc.,  etc. 


GAS    ENGINES 

AND 

PRODUCERS 


NATIONAL  METER  COMPANY 

NEW  YORK  CHICAGO  BOSTON 

Nash  Gas  Enp;ines  and  Producers  are  capable  of  running  at  their  rated 
load  for  ten  consecutive  hours  on  one  charge  of  fuel;  will  develop  a  B.  h.  p. 
hour  on  one  pound  of  coal;  are  reliable  because  they're  Nash. 


PAPERS 

ON 

CAS 

PRODUCERS 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.  E. 

No.  11?6.  Producer  Gas  Power  Plant;  Bibbins,  price  8.20;  No.  1133. 
Evolution  of  Gas  Power:  Juuge,  price  .$..30;  No.  11()6.  Duty  Test  on  Gas 
Power  Plant:  Bibbins  and  Alden,  price  $A0;  No.  1107.  Control  of  Internal 
Combustion:  Lucke,  price  $.20.  Price  per  set,  $1.25. 


POWER  PLANT  AUXILIARIES  AND  SPECIALTIES 


INJECTORS 


AMERICAN  INJECTOR  COMPANY 

DETROIT,  MICH. 
U.  S.  Automatic  Injectors,  Ejectors,  Jet  Pumps,  Drive  Well  Jet  Pumps, 
Exhaust  Injectors,  Fire  Plugs,  Grease  Cups,  Oil  Cups,  Oil  Pumps,  Water 
Gages,  Gage  Cocks,  lubricating  devices  and  other  steam  specialties. 


VALVES 

GAUGES 

INDICATORS 


AMERICAN  STEAM  GAUGE  AND  VALVE  MFG.  CO. 

BOSTON,  MASS.  Established  1851 

Presssure  and  Recording  Gauges,  Engine  Room  Clocks  and  Counters  for  all  pur- 
poses. Iron  and  Brass  Pop  Safety  and  Relief  V^ilves  for  stationary,  marine  and  loco- 
motive use.  The  American  Thompson  Improved  Indicator  with  new  improved  detent 
motion. 


VALVES 
GAGES 


THE  ASHTON  VALVE  CO. 

BOSTON  NEW  YORK  CHICAGO 

Makers  of  the  Ashton  Pop  Safety  Valves,  Water  Relief  Valves,  Blow 
Off  Valves,  Pressure  and  Vacuum  Gages.  All  of  a  superior  quality  and 
guaranteed  to  give  greatest  efficiency,  durability  and  perfect  satisfaction 


RECORDING 

GAUGES 

and 

INSTRUMENTS 


THE  BRISTOL  COMPANY 

WATERBURY,  CONN. 

Bristol's  Recordiiifr  Pressure  and  Vacuum  GauKcs.  Bristol's  Recording  Ther- 
mometers. Till- Will.  II.  Bristol  Electric  Pyroiiutors.  Bristol's  Recording  Voltmeters, 
Ammeters  and  Wattmeters.  Bristol's  Recordinf;  Water  Level  Gauges.  Bristol's  Time 
Recorders  and  Bristol's  Patent  Steel  Belt  Lacing. 
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POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


HKNRV  W. 

OKANGK 

lU^LKT.F.Y 

X.  J. 

by 

The 
head 

Bulkk'v  Injector  Condenser  is 
of  water  or  by  supply   pump 

^uaranteeil  to  torn 
In   general   use 

tht 
on 

best  vacuum 
all  classes  of 

engines. 

INJECTOR 
CONDENSOR 


CHAPMAN  A^ALVE  MANUFACTURING  CO. 

INDIAN  ORCHARD,  MASS. 

BOSTON        NEW  TORK       ST.  LOUIS       PITTSBURGH       CHICAGO        PHILADELPHIA       SAN  FRANCISCO 

Brass  and  Iron  Valves  for  steain,  water,  gas,  oil,  etc.     Sluice  Gates. 
Send  for  catalogue. 


VALVES 


CROSBY  STEAM  GAGE  AND  VALVE  CO. 

BOSTON,  MASS. 

Steam,  tias,  Hydraulii-  Indicators:  Stationary,  Marine.  Locomotive  Safety  Valves; 
Gages  for  all  purposes:  Kecordin^-  Instruments:  Cliime  Whistler:  Sight  feed  Lubrica- 
tors: Globe  and  Aiiirle  \  alves.  Iron  and  Brass,  for  high  pressures;  Blow-off  Valves;  Gage 
Testing  Instruments;  Boiler  Testing  Instruments;  Planimeters  and  other  specialties. 


STEAM 
APPLIANCES 


DEARBORN  DRUG  k  CHEMICAL  WORKS 

General  Olfices  and  Laboratories:  McCormick  Bldg.,  CHICAGO 
Analyze  gallon  samples  of  boiler  waters,  and  furnish  reports  to  steam 
users,  gratis.     Prepare  scientific  water  treatment  for  the  prevention  of  scale, 
corrosion,  pitting,  foaming,  and  all  troubles  caused  from  boiler  waters. 


BOILER 
WATER 

TREATMENT 
■OILER 

COMPOUND 


HOMESTEAD  VAL\E  MANUFACTURING  COMPANY 

Works:     HOMESTEAD,  PA.  PITTSBURG,  PA. 

Manufacturers  of  "Homestead  Valves."  Straightway,  Three-way  and 
Four-way,  for  blow-oflF  or  for  highest  pressure  and  most  difficult  service  for 
water,  air  or  steam.     Valves  unlike  all  others. 


VALVES 


THE  HUGHSON  STEAM  SPECIALTY  CO. 

CHICAGO,  ILL. 

Manufacturers  of  Regulating  Valves  for  all  pressures  and  for  steam,  air  and  water. 
The  best  and  only  absolutely  noiseless  Combination  Back  Pressure  and  Relief  Valve. 
Pump  Regulators,  Separators,  Steam  Traps,  Automatic  Stop  and  Check  Valves.  Write 
for  complete  catalogue. 


VALVES 
STEAM  TRAPS 
SEPARATORS 
REGULATORS 


INGERSOLL-RAND    COMPANY 

11  Broadway  NEW  YORK 

Air  Compressors,  twenty  standard  types,  capacity  8  to  8000  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  .\ir  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor 
Hoists,  capacity  ^  to  5  tons. 


AIR 

COMPRESSORS 

AIR  TOOLS 

AND    HOISTS 


JENKINS  BROS. 

NEW  YORK  BOSTON  PHILADELPHIA  CHICAGO 

Manufacturers  of  the  genuine  Jenkins  Bros.  Valves,  Jenkins  Discs, 
Jenkins  "96  Packing,  Jenkins  Bros.  Pump  Valves,  Jenkins  Gasket  Tubing. 
Sole  agents  for  Sellers*  Restarting  Injector.     Catalog  mailed  on  request. 
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VALVES 

PACKING 

DISCS 


POWER    PLANT  AUXILIARIES  AND  SPECIALTIES 


MAGNESIA 
ASBESTOS 

AND 
BRINE  PIPE 
COVERINGS 


ROBERT  A.   KEASBEY  CO. 

100  N.  Moore  St.  NEW  YORK  CITY 

Telephone:  6097  Franklin. 

Heat  and  Cold  Insulating  Materials.     Headquarters  for  85%  Magnesia, 
Asbestos  and  Brine  Pipe  Coverings,  Asbestos  Products,  etc. 


VALVES 


THE  KENNEDY  VALVE  MANUFACTURING  CO. 

ELMIRA,  N.  Y.  57  Beekman  St.,  NEW  YORK 

Manufacturers  of  Valves  for  various  purposes  and  pressures;  Hydrants; 
Indicator  Valves  for  Automatic  Sprinkler  Equipment. 


VALVES 

BLOW-OFF 

VALVES 

FIRE  HYDRANTS 


THE  LUDLOW  VALVE  MFG.   CO. 

TROY,  N.  Y. 
Manufacturers   of  genuine   Ludlow   Gate   Valves    for   all   purposes. 
Special  Blow-off  Valves.      Check  Valves.     Foot  Valves.       Sluice  Gates. 
Indicator  Posts.     Fire  Hydrants. 


VALVES 

INJECTORS 

LUBRICATORS 

ETC. 


THE  LUNKENHEIMER  COMPANY 

CINCINNATI,  OHIO 

Manufacturers  of  liigli-grade  engineering  specialties,  comprising  Brass  and  Iron 
Valves,  Whistles,  Cocks,  Gauges,  Injectors,  Lubricators,  Oil  I'umps,  Oil  and  Grease 
Cups,  etc.,  adapted  to  the  reQuirenients  of  all  chisses  of  machinery. 


AUTOMATIC 

BOILER 
FURNACES 


THE  MODEL  STOKER  CO. 

DAYTON,  O. 
The  Model  Automatic  Smokeless  Furnace.     The  only  automatic  fur- 
nace that  keeps  the  fire  clean.     Designed  by  experienced  skill,  and  is  a 
decided  advance  in  stoker  furnace  construction  and  in  operative  results. 


VALVES 


MONARCH  VALVE  &  MANUFACTURING    COMPANY 

39  CoRTLANDT  St. ,  NEW  YORK  SPRINGFIELD,  MASS. 

Manufacturers  of  Bronze  and  Iron  Bodied  Valves  for  various  pressures 
and  purposes. 


STEAM 
TRAPS 


MOREHEAD    MANUFACTURING 

DETROIT,'  MICH. 


CO. 


Return,  Non-Return  and  Vacuum  Steam  Traps.  The  Morehead  Tilting  Steam  Trap 
is  the  original  design  of  iiUing  trap,  having  been  on  tlie  market  for  a  quarter  of  a  cen- 
tury. For  reliable  and  satisfactory  service  this  type  of  trap  recommends  itself.  Illus- 
trated descriptive  cafailog  sent  on  request. 


AUTOMATIC 
FURNACE 


THE  MURPHY  IRON  W^ORKS 

DETROIT,  MICH. 

Founded  1878  Inc.   1904 

Builders  of  The  Murphy  Automatic  Furnace.     The  best  Automatic  Fur- 
nace that  thirty  years  practical  experience  can  produce. 
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POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


NELSON  VALVE  COMPANY 

PHILADELrHIA 
Gate,  Globe,  Anjile  and  Check  Valves,  for  Water,  Saturated  or  Super- 
heated Steam  and  other  fluids,  for  any  pressure,  for  any  temperature.    Our 
new  2-24-page  Valve  Catalogue  sent  free  on  request. 


VALVES 


THE  OHIO  INJECTOR  COMPANY 

WADSWORTH,  O. 

Manufacturers  of  Oliio  Locomotive  Injectors.  Garfield  Injectors  and  Electors, 
Ohio  Automatic  Injectors,  Chicago  Automatic  Injectors  and  Ejectors  Chicago  Sight- 
Feed  Lul)ricators  for  locomotive  and  stationary  service.  Grease  Cups  Oil  Cups,  Water 
Gauges,  Gauge  Cocks,  O.  I.  Co.  Valves,  etc. 


INJECTORS 

EJECTORS 

LUBRICATORS 

GREASE  CUPS 

GAUGES 

VALVES 


THE  PICKERING  GOVERNOR  CO. 

PORTLAND,  CONN. 


Turbines,    Gas    Engines.      Mechanical    GOVERNORS 


Governors    for  Steam    Engines, 
Control,  Power  Regulation. 

See  our  Condensed  Catalogue  in  April  number  of  The  Journal. 


POWER  PLANT  SPECIALTY  COMPANY 

6-23  MoxADXocK  Blk.,  CHICAGO,  ILL. 

Manufacturers  of  the  Vater  Two  Stage  Separator,  Vater  Water  Soften- 
ing System,  Vater  Open  Feed  Water  Heater,  Monarch  Vacuum  Drain 
Trap,  Pressure  and  Gravity  Filters.      Correspondence  solicited. 


SEPARATORS 
FEED-WATER 

HEATERS 
SOFTENERS 


POWER  SPECIALTY  CO. 

Ill  Broadway  NEW  YORK 

The  Foster  Patent  Superheater,  saves  feed  water,  condensing  water, 
coal  and  boiler  power. 


SUPERHEATERS 


WM.   B.   SCAIFE  &  SONS  COMPANY 

221  First  Ave.,  PITTSBURG,  PA. 

WE-FU-GO  and  SCAIFE  Water  Softening,  Purifying  and  Filtering 

Systems  for  boiler  feed  water  and  all  industrial  and  domestic   purposes 


WATER 
SOFTENING 
PURIFYING 

and 
FILTERING 
SYSTEMS 


SHERWOOD  MANUFACTURING  CO. 

BUFFALO,  N.  Y. 

Twenty-five  years  experience  manufacturing  the  Sherwood  Double  Tube  Injectors 
for  liig-h  duty;  Buffalo  Automatic  Injectors;  also  makers  of  the  Hart  Force  Feed  Oil 
I'ump  for  Steam  Engines;  Buffalo  Force  Feed  Multiple  Oil  Pumps  for  Gas  and  Gaso- 
line Engines;  Oil  Cups,  etc.    Catalog  on  application. 


INJECTORS 

AND 
OIL    PUMPS 


JOHN  SIMMONS  COMPANY 

110  Centre  St.  NEW  YORK 

The  Rothchild  Rotary  Gate  Valve  is  the  only  Valve  made  that  will 
positively  hold  steam,  water,  ammonia,  gas,  air,  oil  or  other  fluids — hot 
or  cold,  without  anj'  adjustment,  repairs  or  replacing  of  parts. 
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ROTARY 
GATE 
VALVE 


INSTRUMENTS 


POWER    PLANT   AUXILIARIES    AND    SPECIALTIES 


C.  J.  TAGLIABUE  MFG.   CO. 

396-398  BROADWAY  NEW  YORK,  N.  Y. 

Local  Sales  Offices  in  Chicago  and  San  Francisco 
Manufacturers  of  Instruments  for  Indicating,  Recording  and  Controlling  Tempera- 
ture and  Pressure.    Tlierniometers;  Automatic  Controllers;  Gages;  Oil  Testing  Instru- 
ments; Engineers  Testing  Sets,  Pyrometers,  Barometers,  Hygrometers,  Hydrometers,  etc. 
See  our  Condensed  Catali'tgue  in  April  number  of  The  Journal. 


HIGH 

PRESSURE 

FITTINGS 


THE  TIGHT  JOINT  COMPANY 

306-310  East  47th  Street  NEW  YORK  CITY 

High  Pressure  Fittings  and  Valves  for  general  hydraulic  systems,  Air 
or   Oil    Pressures,    for   pressrues 
Send  for  catalogue. 


of  500;    1000;    1500";   3000  and  5000  lbs. 


CONDENSERS 

PUMPS 

COOLING 

TOWERS 


WHEELER  CONDENSER  &  ENG.   CO. 

Main  OrricE  and  Works:    CARTERET,  N.  J. 

Surface,  Jet  and  Barometric  Condensers,  Combined  Surface  Condensers  and  Feed 
Water  Heaters,  Cooling  Towers,  Edwards  Air  Pumps,  Centrifugal  Pumps,  Rotative 
Dry  Vacuum  Pumps  and  Multiple  Etlect  and  Evaporating  Machinery. 


CONDENSERS 

COOLING 
TOWERS 

FEED-WATER 
HEATERS 


C.  H.  \V  HEELER  MFG.  CO. 

PHILADELPHIA,  PA. 

NEW    YORK  BOSTON  CHICAfiO  SAN    FRANCISCO 

Manufacturers  of  High   Vacuum  Apparatus,  Condensers,  Air  Pumps, 
Feed  Water  Heaters,  Water  Cooling  Towers,  Boiler  Feed  and  Pressure  Pumps. 


PUMPS  AND   HYDRAULIC  TURBINES 


HYDRAULIC 
TURBINES 

PUMPING 
MACHINERY 


AELIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 
Builders  of  Reaction  and  Impulse  Turbines,  in  capacities  up  to  20,000 
H.P.    High  Dutj'  Pumping  Engines,  Centrifugal  Pumps,  Single  and  Multi- 
stage; Screw  Pumps,  Elevator  Pumps,  Geared  Pumps,   Mine  Pumps  and 
Electrically  Driven  Pumps.    Hydraulic  Transmission  Pumping  Machinery. 


PUMPING 
MACHINERY 


AMERICAN  STEA.M  PUMP  COMPANY 

BATTLE  CREEK>  MICHIGAN,  U.  S.  A. 

Manufacturers  of  Marsh  and  American  Steam  and  Power  Pumping  Machinery. 
The  valve  motion  is  desiiirned  for  efficient  and  reliable  service,  which,  combined  with 
low  maintenance  cost,  should  appeal  to  engineers  who  desire  to  reduce  their  operating 
expenses.     Literature  uiioii  request. 


PUMPS 
CONDENSERS 


M.   T.   DAVIDSON  CO. 

43-33  Keap  St.,  BROOKLYN,  N.  Y. 
New  Yokk:  1.54  Nassau  St.  Boston:  30  Oliver  St. 

High  grade  economical  Pumps  for  all  services.     ^Surface  and  Jet  Con- 
densers. 


36 


PUMPS  AND    HYDRAULIC  TURBINES 


THE  GOULDS  MANUFACTURING  COMPANY 

SENECA  FALLS,  N.  Y. 

Manufacturers  of  Efficient  Triplex  Power  Pumps  for  general  water  supply,  muni- 
cipal water-works,  fire  protection,  hydraulic  elevators,  paper  and  pulp  mills,  boiler  feed 
pumps,  chemical  pumps  and  air  compressors,  rotary,  centrifugal  and  well  pumps  and 
hand  pumps  of  every  kind. 


PUMPS 
HYDRAULIC 
MACHINERY 


HOLYOKE  INIACHINE  COMPANY 

HOLYOKE,  MASS.  WORCESTER,  MASS. 

WattT  Wlii'c'ls  with  Conncc'tion.s  and  Complete  Power  Transmission, 
Water  Whei-l  GoviTiiors,  Gcarinj;,  Wood  Pulp  and  Paper  Machinery, 
Pumps,  Hydraulie  Presses.     Speeial  Machinery  to  order. 


MORRIS  MACHINE  WORKS 

BALDWINSVILLE,  N.  Y. 
Manufacturers  of  Centrifugal  Pumping-  Machinery,  Vertical  and  Hori- 
zontal Engines  and  Marine  Engines. 


WATER 
WHEELS 


TURBINES 

PAPER    MILL 
MACHINERY 


CENTRIFUGAL 

PUMPING 

MACHINERY 

ENGINES 


WILLIAM  E.   QUIMBY,  INC. 

548-50  West-23d  St.  NEW  YORK 

Have  a  shop  on  23d  Street,  New  York,  equipped  with  large  and  accurate 
tools  and  do  a  general  machine  business.  Also  manufacture  the  Quimby 
Screw  Pump  and  Quimby  Electric  Sump  Pump. 


Machinists 

PUMPS 

Manufacturkrs 


POWER  TRANSMISSION 


THE   AMERICAN   PULLEY   CO. 

PHILADELPHIA,  PA. 

The  American  Pulley.  The  first  all  steel  parting  belt  pulley  made.  Now  sold  in 
larger  quantities  than  any  one  make  of  pulley.  No  key,  no  set  screw,  no  slip;  light, 
true  and  amply  strong  for  double  belts.    120  stocks  carried  in  the  United  States. 


PULLEYS 


ONEIDA  STEEL  PULLEY  CO. 

ONEIDA,  N.  Y.  CHICAGO,  ILL. 

The  largest  manufacturers  of  Pulleys  in  the  world.  Our  Steel  Pulleys 
range  from  6  to  126'  diameter,  3  to  M)"  face,  and  fit  any  size  shaft  from  1 
to  SV.     Let  us  send  you  our  booklet  illustrating  all  styles. 
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PULLEYS 


POWER  TRANSMISSION 


SHAFTING 
PULLEYS 
HANGERS 


THE  A. 

17-^  P'ulton  St. 

Manufacturers  of  Shaft 
of  Power. 

&  F.  BROWN  CO 

ing,   Pulleys,   Hangers,  etc. 

NEW  YORK 

for  Transmission 

FRICTION 
CLUTCHES 


THE  CARLYLE  JOHNSON  CO. 

MANXHESTER,  CONN. 

The  Jo'inson  F'riction  Clutch  for  feed  and  speed  changes  on  machine 
tools.     Sen  1  for  our  booklet  "Clutches  for  Use  in  Machine  Building." 


POWER 

TRANSMISSION 
ELEVATORS 
CONVEYORS 


DODGE  MANUFACTURING  CO. 

MISHAWAKA,  IND. 

Manufacturers  of  everything  for  the  Mechanical  Transmission  of 
Power;  also  Elevating  and  Conveying  Machinery,  and  the  "Eureka" 
Water  Softener.      Send  for  general  catalog  C-10. 


POWER 
TRANSMISSION 


THE  HILL  CLUTCH  COMPANY 

CLEVELAND,  OHIO 
Manufacturers  of  a  complete  line  of  Power  Transmission   Machinery 
for  belt,  rope   or  gear    driving,   including  the  well   known    Hill    Friction 
Clutches  and  Hill  Collar  Oiling  Bearings. 


Pulleys — Paper 

Friction 
Transmission 


THE  ROCKWOOD  MANUFACTURING  CO. 

INDIANAPOLIS,  IND. 

Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority. 
You  will  find  our  booklets  regarding  Transmission  of  Power  by  Belts  and 
Friction  Transmission  desirable  additions  to  your  engineering  library. 


POWER 
TRANSMISSION 


T.   B.   WOOD'S  SONS  CO. 

CHAMBERSBURG,  PA. 
Modern  and  Approved    Appliances    for   the   transmission    of   Power. 
Shafting,  Couplings,  Collars,  Hangers,  Pulleys,  Belt  Tighteners,  Friction 
Clutches,  Rope  Driving  Equipments. 


PAPERS 

ON 

POWER 

TRANSMISSION 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

No.  .58,5.  Power  Losses  in  Transmission  Machinery  of  Central  Stations: 
Aldrich,  price  $.20;  No.  8()H.  Power  Transmission  by  Belt:  F.  L.  Emory, 
urice  $.10;  No.  1180.  Power  Transmission  by  Friction  Drives:  W.  F.  M, 
Goss,  price  $.30;  No.  1230.     Paper  on  Belting:     C.  G.  Barth,  price  $.50. 


PAPERS 

ON 

AUTOMOBILES 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

No.  857.  Tlie  Automobile  Wafron  for  Heavv  Duty.  A.  Herschmann,  price  $.20;  No. 
1127.  Steam  Plant  of  the  White  Motor  Car.  R.  C.  Carpenter,  price  $.40;  No.  1147.  Air 
Cooling  of  Automobile  Engines,  John  Wilkinson,  price  $.10;  No.  1148.  Material  for 
Automobiles,  Elwood  Haynes,  Price  $.10. 

Set  complete,  $.70;  Members'  rates  are  half  price. 
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HOISTING  AND   CONVEYING    MACHINERY 


HOISTING  AND  CONVEYING   MACHINERY 


ALLIANCE  MACHINE  CO. 

ALLIANCE,  OHIO 
Makers  of  Alliance  Cranes  of  all  types;  also  Rolling  Mill  and  Hydraulic 
Machinery,  Steam  Hammers,  Punches  and  Shears,  Scale  Cars,  Copper-Con- 
verting Machinery,  etc. 


CRANES 

STEAM 
HAMMERS 
PUNCHES 

AND 
SHEARS 


BRODERICK  &  BASCOM  ROPE  COMPANY  ' 

ST.  LOUIS,  MO.  WIRE   ROPE 

Manufacturers  of  Wire  Rope  for  over  a  quarter  of  a  centurj^  and  of  the  i   Aerial  wihe  rope 
famous  Yellow  Strand  Wire  Rope,  the  most  powerful  rope  made.  j    TRAMWAYS 

Special  system  of  Aerial  Wire  Rope  Tramways  for  conveying  material. 


THE  BROWN  HOISTING  MACHINERY  CO. 

New  York  CLEVELAND,  O.,  U.  S.  A.  Pittsburg 

Designers  and  manufacturers  of  all  kinds  of  Hoisting  Machinery,  including  Loco- 
motive Cranes.  Electric  Travelers,  I-beam  Trolleys,  Crabs,  Winches,  etc.,  as  well  as 
heavy  Hoisting  Machinery  of  all  description.  Also  Ferroinclave  for  reinforced  con- 
crete roofing. 


HOISTING 
MACHINERY 


H.  W.  CALDWELL  &  SON  COMPANY 

NEW  YORK  CHICAGO 

Elevating,  Conveying  and  Power  Transmitting  Machinery.     Helicoid  & 

screw  conveyors,  machine  molded  gears,  pulleys,  fly-wheels,  rope  sheaves 

and  drives,  sprocket  wheels  &  chain,  buckets,  belting,  shafting  and  bearings. 


CONVEYORS 

ELEVATORS 

POWER 

TRANSMISSION 


CLYDE  IRON  WORKS 

DULUTH,  MINN. 
HoistiDg  Engines  and  Derricks.     All  sizes  and  types  of  engines. 


HOISTING 
ENGINES 
AND 
DERRICKS 


THE  EASTERN  MACHINERY  COMPANY 

NEW  HAVEN,  CONN. 

Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Freight  Ele- 
vators, Hoisting  Machines,  Friction  Winding  Drums,  Friction  Clutches 
and  Friction  Clutch  Pulleys. 


ELEVATORS 

FRICTION 

CLUTCHES 

PULLEYS 


THE  B.  F.  GOODRICH  CO. 

AKRON,  OHIO 
Manufacturers  of  Goodrich  Conveyor  Belt.     The  Goodrich  "Longlife," 
"Economy"  and  "Grainbelt"  Conveyors  will  handle  more  tons  per  dollar 
of  cost  than  any  other  belt  made. 


CONVEYOR 
BELTS 
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HOISTING'AND  CONVEYING  MACHINERY 


ELEVATING 
CONVEYING 

MINING 
MACHINERY 


THE  JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Builders  of  Elevating,  Conveying- and  Mining  Machinery;  Coal  and  Ashes  Hand- 
ling Systems  for  Power  Plants;  Screens,  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples, 
Coal  Washeries,  Locomotives,  Coal  Cutters,  Drills,  etc.  Complete  Coal  Mine  Equip- 
ments. 


HOISTING 
ENGINES 

CABLEWAYS 

MARINE 
TRANSFER 


LIDGETIWOOD  MFG.   CO. 

96  LiuERTV  St.  new  YORK 

Hoisting  Engines — steam  and  electric,   for  every  use  of  the  contrat'tor,  miner, 

warehouseman,  railroads,  ship  owners,  etc.  Derricks,  Derrick  Irons  and  Derrick  Hoists, 

Cableways  for  hoisting  and  conveying.  Marine  Transfer  for  coal  and  cargo  handling. 


ELEVATORS 

AND 
CONVEYORS 


LINK-BELT  COMPANY 

PHILADELPHIA  CHICAGO  INDIANAPOLIS 

Elevators  and  Conveyors  for    overy  purpose;    all   accessories;    Power 
Transmission  Machinery. 


ELEVATING 

AND 
CONVEYING 
MACHINERY 


MEAD-MORRISON  MANUFACTURING  COMPANY 

NEW  YORK  BOSTON  CHICAGO 

Coal-Handling  Machinery,  Hoisting  Engines,  complete  Discharging  and  Storage 
Plants,  Cable  Railways,  Marine  Elevators.  McCaslin  and  Harrison  Conveyors,  Steam, 
Electric,  Belt  and  Gasoline  Hoists,  Derrick  Swingers,  Grab  Buckets,  Steam  Boilers, 
Locomotive  Derricks,  Suspension  Caoleways. 


CRANES 


THE    MORGAN    ENGINEERING    CO. 

ALLIANCE,  OHIO 
Are  the  largest  builders  of  Electric  Traveling  Cranes  in  the  world.     We 
also   design  and  build  Steel  Plants  complete.  Hammers,  Presses,  Shears, 
Charging-  Machines  and  all  kinds  of  Rolling-  Mill  and  Special  Machinery. 


CRANES 
HOISTS 


NORTHERN  ENGINEERING  WORKS 

DETROIT,  MICH. 
We  make  Cranes  of  all  types  up  to   150  tons.     We  also  make  Grab 
Bucket  Cranes  and  Hoists  for  coal  storage  service.  Cupolas,  Coal  and  A.sh 
Handling  Machinery,  Elevators  and  Foundry  Enuipment. 


ELEVATORS 


THE  H.  J.   REEDY  CO. 

CINCINNATI,  O. 

Manufacturers  of  all   tyi)es  of  Passenger  and    Freight  Ele- 
vators. 


ROBINS  ROBINS     CONVEYING     BELT     COMPANY 

BELT  !  Thomas  Robins,  Pres.    C.  KemuleBai.dwin, Chief  Engr.,]:iPark  Row,  N.Y. 

CONVEYORS  '  ^'*^  Robins  Belt  Conveyor  was  the  original  and  is  today  the  standard  of  this  type 

of  conveying  machinery.    It  is  suc<'essfully  Jmd  economically  conveying  ore,  rock,  coal 
and  similar  materials  under  the  most  trying  conditions  of  service.     Correspondence 
i  invited. 
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JOHN  A.  ROEBLINGS  SONS  COMPANY 

TRENTON,  N.  J. 
Manufai-turers  of  Iron,  Steel   and    Copper   Wire    Hope,  and    Wire  of 
every  description. 


WIRE   ROPE 


SHAW  ELECTRIC  CRANE  CO. 

MUSKEGON,  MICH. 

Electric  Travelers  for  all  purposes.     Gantries.     Wharf  Cranes.      Rail- 
road Wreckini?  Cranes.     Electric  Motor  Controllers. 


CRANES 
Controller* 


THE  WEBSTER  MF'G  COMPANY 

(Successors  to  WEBSTER  M'F'G  CO.) 
TIFFIN,  OHIO.  Eastern  Branch:  88-90  Reade  St..  NEW  YORK 
Manufacturers  of  Elevating,  Conveying  and  Power  Transniittinfr  Machinery  for 
all  purposes.  Over  thirty  years'  experience  in  this  line  and  extensive  facilities  for 
manufacturing  give  us  large  advantages.  Belt  Conveyors  for  handling  cements,  ores, 
.sand,  gravel,  etc.  Coal  and  Ash  Handling  Systems  for  power  plants  and  buildings. 
Chain  Belting.    Gearing. 


ELEVATING 

CONVEYING 

POWER 

Transmitting 
Machinery 


THE   YALE   &   TOWNE   MFG.    CO. 

9  Murray  St.  NEW  YORK 

Makers  of  the  Triplex  Block  and  Electric  Hoists.  The  Triplex  Block 
is  made  in  14  sizes,  with  a  lifting  capacity  of  from  i  to  20  tons;  Electric 
Hoist  in  10  sizes,  |  to  16  tons. 


CHAIN 

BLOCKS 

ELECTRIC 

HOISTS 


BLOWERS,  FANS,   DRYERS,  ETC. 


P. 


H.   &  F.   M.  ROOTS  CO. 

CONNERSVILLE,  IND. 


Positive  Pressure  Blowers  for  foundries.  High  Pressure  Blowers.  Blowers  for 
vacuum  cleaning,  for  laundries,  for  blacksmiths.  Positive  Rotary  Pumps,  Positive 
Pressure  Gas  Exhausters.     High  Pressure  Gas  Pumps.     Flexible  Couplings. 


RUGGLES  COLES  ENGINEERING  CO. 

McCoRMiCK    Bldg.,  CHICAGO  Hudsox  Terminal,  NEW  YORK 


Dryers, 
materials. 


Direct  heat.  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of 


BLOWERS 

GAS 
EXHAUSTERS 

PUMPS 


DRYERS 


B.  F.   STURTEYANT  COMPANY 

HYDE  PARK,  MASS. 
We  make  equipment  to    force   or    exhaust  air  under    all  conditions. 
Largest  standard  line  of  "ready  to  deliver"  Fans  in  the  world  and  special 
work  done  where  necessary.     Consulting  representatives  in  or  near  your  city. 


FANS 

BLOWERS 

ECONOMIZERS 

ENGINES 
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ROLLING   MILL   MACHINERY 


ROLLING   MILL  MACHINERY 


r 


ENGINES 

ROLLING    MILL 
MACHINERY 


STEAM 

HYDRAULIC 

FORGING 

PRESSES 


MACKINTOSH  HEMPHILL  c^  CO. 

PITTSBURGH,  PA. 
Enjjines,   sinfjlc  and  coini)Ound,  corliss  reversin<j;  and  blowing-.      Roll- 
ino;  Mill  and  Hydraulic  Machinery  of  all  kinds.     Shears,  Punches,  Saws, 
Copin>;-  Machines. 


UNITED  ENGINEERING  &  FOUNDRY  CO. 

2300  Farmers'  Bank  Bld<?.  PITTSBURG,  PA. 

Manufacturers  of  Hiffh-Speed  Steam  Hydraulic  Foro^int?  Presses. 
Single  Lever  Control.  Built  for  all  classes  of  Forging,  Shearing  or  Press- 
ing.    100  to  12,000  tons  capacity. 


PAPERS 

ON 

CONDENSERS 


PAPERS  FROM  TRANSACTIONS  OF  A.  S.  M.  E. 
No.  534.     An  Evaporative  Surface  Condenser:  J.  H.  Fitts,  price  $.10; 
No.  693.     A    Self-Cooling   Condenser;    Ralberger,    price  $.20;  No.    10T2. 
Condensers  for  Steam  Turbines,  price  $.20. 


AIR   COMPRESSORS  AND  PNEUMATIC  TOOLS 


AIR 
COMPRESSORS 

PNEUMATIC 
TOOLS 


CHICAGO   PNEUMATIC  TOOL  CO. 

CHICAGO,    ILL. 

Manufacturers  of  "Chicago  Pneumatic"  Air  Compressors  and  a  complete 
line  of  Pneumatic  Tools  and  Appliances. 


Air 
compr  cssors 


THOS.   H.  DALLETT  CO. 

York  axd  23rd  St.  PHILADELPHIA,  PA. 

_  Our  Compressors  are  exceptionally  massive  and  rigid  in  design;  have  liberal 
bearing  surfaces;  all  working  parts  are  readily  accessible;  have  special  intake  and  dis- 
charge valves.  Are  particularly  adapted  for  high-class  installations.  Write  for 
catalogue. 


AIR  I 

COMPRESSORS 

TOOLS 

HOISTS    AND 

SAND 

RAMMERS 


INGERSOLL-RAND    COMPANY 

11  Broadway  NEW  YORK 

Twenty  standard  Air  Compressor  types,  capacity  8  to  8000  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists, 
i  to  5  tons  capacity;  "Crown"  Sand  Rammers,  floor  and  bench  types. 
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ELECTRICAL  APPARATUS 


ELECTRICAL  APPARATUS 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 

Builders  of  Electrical  Machinery  of  every  description;  Motors  and 
Generators  for  alternating  and  direct  current;  Rotary  Converters,  Trans- 
formers, Switchboards. 


MOTORS 

AND 

GENERATORS 


GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 
The  General  Electric  Company  has  equipped  machines  of  all  kinds  with 
its  motors.     For  each  kind  of  machine  there  is  an  equipment  of  motor  and 
controller  that  is  best. 


ELECTRIC 
DRIVE 


WAGNER  ELECTRIC  MFG.   COMPANY 

ST.  LOUIS,  MO. 

Producers  of  the  commercially  successful  Single-phase  Motor.  Pioneers  in  Power 
and  Lighting,'  Transformers.  Builders  of  the  most  liberally  designed  and  rugged  poly- 
phase generators  and  motors  the  market  affords.  Manufacturers  of  the  most  compre- 
hensive line  of  switchboard  and  portable  instruments  offered  to-day. 


WESTINGHOUSE   ELECTRIC   &   MFG.   CO. 

PITTSBURG,  PA. 
Westinghouse   Electric    Motor   Drive.      Pumps,  compressors,  hoists, 
machine  tools  and  every  class  of  apparatus  develop  their  highest  efficiency 
when  individually  driven  with  Westinghouse  Motors. 


DYNAMOS 
MOTORS 

Transformers 
Instruments 


ELECTRIC 

MOTOR 

DRIVE 


FOUNDRY   EQUIPMENT 


INGERSOLL-RAND    COMPANY 


11  Broadway 


NEW  YORK 


"Crown"  Sand  Rammers,  floor  and  bench  types;  "Crown"  and  "Imperial"  Chipping 
Hammers:  "Imperial"  Air  Motor  Hoists,  i  to  5  tons  capacity;  Air  Compressors,  twenty 
types,  capacity  8  to  HOOO  cu.  ft.  per  minute. 


SAND 
RAMMERS 

AIR  TOOLS 
ANO   HOISTS 

COMPRESSORS 


J.   W.  PAXSON  CO. 

Pier  45  North  PHILADELPHIA,  PA. 

Manufacturers  and  engineers.  Complete  Foundry  Equipment.  Cupolas, 
Blowers,  Sand  Blast  Machinery,  Cranes,  Tramrail  Systems.  Foundry 
Buildings  designed,  Foundry  Sand,  etc. 
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FOUNDRY 
EQUIPMENT 


FOUNDRY   EQUIPMENT 


FOUNDRY 

PLANT 

EQUIPMENT 


AVHITING  FOUNDRY  EQUIPMENT  CO. 

HARVEY,  ILL. 
Have  complete  ecjuipraent  and  Cranes  of  all  kinds  for  grey  iron,  steel 
and  malleable  Foundry  Plants.     Buildings  designed  and  furnished;  equip- 
ment installed  and  operated. 


ENGINEERING  MISCELLANY 


CASTINGS 
MACHINE 

WORK 
GRINDING 
MACHINES 


BUILDERS  IRON  FOUNDRY 

PROVIDENCE,  R.  I. 

Engineers,  Founders  and  Machinists 
Castings  of  Unusual  Weight  and  Strength.     Large   and  Accurate 
Machine  Work.     Grinding  and  Polishing  Machines. 


INDUSTRIAL 
PLANTS 


DODGE,  DAY  k  ZIMMERMANN 

PHILADELPHIA 

Our  Engineering  Service  provides  for  the  planning,  construction  and 
equipment  of  buildings  to  meet  both  present  and  future  requirements  of 
industrial  plants.     See  page  advertisement  in  June  issue. 


ROLLER 
BEARINGS 


HYATT  ROLLER  BEARING  COMPANY 

NEWARK,  NEW  JERSEY 

The  steel  rollers  of  Hyatt  Bearings  are  flexible  spirals.  They  present 
a  continuous  line  of  contact  under  all  conditions  and  serve  as  oil  reservoirs 
and  oil  distributors.     Adapted  to  machinery  of  every  description. 


BALL 

and 

ROLLER 

BEARINGS 


STANDARD  ROLLER  BEARING  COMPANY 

50th  St.  and  Lancaster  Ave.  PHILADELPHIA, PA, 

Largest  manufacturers  in  the  world  of  Ball  and  Roller  Bearings  for  all 
purposes.      Steel,  Bronze  and  Brass  Balls. 


I  THE  UNITED  STEEL  COMPANY 

CANTON,  OHIO 
STEEL         I  VANADIUM  STEEL  1   r       <-       ci  un  4-       t-     ^,t    oi  ^         n 

'  BASIC  O    H    STKFT     '-  ^"fi'^^s.    Blooms,   Billets,    L.    M.  Plates,    Bars, 

i  SPECIAL  STEELS      J   ^^''^^  ^'''■^• 

I 


PLANERS 


S.   A.   WOODS  MACHINE  CO. 


CHICAGO-NORFOLK 
NEW  ORLEANS-SEATTLE 

The  Planer  Specialists. 


BOSTON 


Planers  for  Dressing  Lumber 
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THE  ANNUAL  MEETING 

The  Society  is  again  looking  forward  to  its  Annual  Meeting  which 
A\ill  as  usual  be  held  in  the  Engineering  Societies  Building,  New  York, 
in  December,  opening  on  Tuesday  the  5th,  and  closing  on  Friday  the 
8th. 

Some  noteworthy  papers  have  been  secured  by  the  Committee  on 
Meetings  and  the  professional  program  will  shortly  be  announced. 
An  important  feature  this  year  will  be  contributions  by  three  of  the 
first  sub-committees  appointed  by  the  Committee  on  Meetings,  those 
on  Textiles,  Cement  Manufacture  and  Machine  Shop  Practice.  One 
session  is  to  be  devoted  to  Foundry  Practice,  another  to  Steam  Boiler 
Performance.  The  Gas  Power  Section  will  as  usual  have  a  session, 
at  which  Oil  Engines,  at  present  a  subject  of  so  much  importance, 
will  be  discussed. 

The  entertainment  features  which  are  so  prominent  a  part  of  annual 
gatherings,  will  be  in  the  hands  of  the  Committee  on  Meetings  in 
New  York,  who  have  always  provided  so  successfully  for  the  pleasure 
and  comfort  of  the  members  and  their  guests.  The  principal  events 
A\ill  be  the  President's  reception  on  Tuesday  evening  in  the  rooms  of 
the  Society,  George  J.  Foran  acting  as  chairman  of  the  sub-committee 
in  charge;  and  the  aimual  reunion  of  the  membership  of  New  York 
in  honor  of  the  newly-elected  officers  and  visiting  members,  at  the 
Hotel  Astor  on  Thursday  evening,  F.  A.  Scheffler  having  been 
appointed  chairman  of  the  sub-committee  in  charge  of  that  occasion. 
Luncheon  will  be  served  as  usual  on  Wednesday  and  Thursday  during 
the  convention.      While  the  program  as  announced  is  similar  to  that 
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of  last  year,  many  interesting  f(\atures  will  be  found  which,  in  com- 
bination with  the  finish  of  detail  for  which  the  meetings  have  already 
become  noted,  ought  to  make  the  entire  convention  one  of  profit 
and  enjoyment.  There  will  be  a  number  of  excursions,  prominent 
among  which  will  be  an  inspection  of  the  S.  S.  Olympic.  The  Society 
will  be  the  guests  on  that  occasion  of  the  White  Star  Line.  The 
Olympic  will  be  in  port  on  her  first  trip  since  her  recent  accident, 
and  the  repairs  are  being  hastened  in  order  that  the  membership 
may  not  be  disappointed  in  its  plans  to  visit  this  great  floating  palace. 
There  will  also  be  trips  to  the  Brooklyn  Navy  Yard,  the  Sims  Magneto 
Company  in  Bloomfield,  N.  J.,  the  Bush  Terminal  Buildings  in  Brook- 
lyn, E.  W.  Bliss  Companj^,  Brooklyn,  and  the  Hotel  Astor.  In  gen- 
eral the  Committee  will  be  glad  to  arrange  special  visits  on  request 
if  sufficient  notice  be  given. 

The  welcoming  of  the  visiting  ladies  will  again  be  in  charge  of  the 
ladies  of  New  York  who  have  organized  a  committee  to  plan  for  trips 
and  entertainment  of  various  descriptions,  Mrs.  Jesse  M.  Smith 
acting  as  chairman.  The  headquarters  of  the  committee  will  be  in 
the  rooms  of  the  Society  on  the  eleventh  floor.  The  ladies  of  the 
Society  and  their  guests  will  be  received  by  the  Ladies'  Committee  on 
Wednesday  afternoon  at  four  o'clock. 

RAILROAD   TRANSPORTATION 

Arrangements  for  hotel,  transportation  and  Pullman  car  accommo- 
dations should  be  made  personally. 

For  members  and  guests  attending  the  Annual  Meeting  in  New 
York,  December  5-8,  1911,  the  special  rate  of  a  fare  and  three-fifths 
for  the  round  trip,  on  the  certificate  plan,  is  granted  when  the  regular 
fare  is  75  cents  and  upwards,  from  territory  specified  below. 

a  Buy  your  ticket  at  full  fare  for  the  going  journey,  between 
December  1  and  7  inclusive,  and  get  a  certificate,  7iot  a 
receipt,  securing  these  at  least  half  an  hour  before  the 
departure  of  the  train. 
b  Certificates  are  not  kept  at  all  stations.  If  your  station 
agent  has  not  certificates  and  through  tickets,  he  will 
tell  you  the  nearest  station  where  they  can  be  obtained. 
Buy  a  local  ticket  to  that  point  and  there  get  your  cer- 
tificate and  through  ticket, 
c  On  arrival  at  the  meeting,  present  your  certificate  to  the 
registration  desk  at  the  Headquarters.  A  fee  of  25 
cents  will  be  collected  for  each  certificate  validated.  No 
certificate  can  be  validated  after  December  8. 


SOCIETY   AFFAIRS  5 

d  An  agent  of  the  Trunk  Line  Association  will  validate  certifi- 
cates, Dec.  6,  7,  8.  No  refund  of  fare  will  be  made  on 
account  of  failure  to  have  certificate  validated. 

e  One-hundred  certificates  and  round  trip  tickets  must  be 
presented  for  validation  before  the  plan  is  operative.  This 
makes  it  important  to  show  the  return  portion  of  your 
round  trip  ticket  at  Headquarters. 

/  If  certificate  is  validated,  a  return  ticket  to  destination  can 
be  purchased,  up  to  Dec.  12,  on  the  same  route  over  which 
the  purchaser  came,  at  three-fifths  the  rate. 
This  special  rate  is  granted  only  for  the  following: 

Trunk  Line  Association: 

All  of  New  York  east  of  a  line  running  from  Buffalo  to  Salamanca,  all  of 
Pennsylvania  east  of  the  Ohio  River,  all  of  New  Jersey,  Delaware  and  Mary- 
land; also  that  portion  of  West  Virginia  and  Virginia  north  of  a  line  running 
through  Huntington,  Charleston,  White  Sulphur  Springs,  Charlottesville, 
and  Washington,  D.  C. 


CURRENT  AFFAIRS  OF  THE  SOCIETY 

STUDENT    BRANCHES 

The  movement  to  affiliate  student  engineering  societies  had  its 
inception  in  the  fall  of  1908,  when  the  Stevens  Engineering  Society 
applied  for  affiliation  and  was  accorded  privileges  by  the  Council. 
A  month  later  the  Cornell  Student  Branch  was  formed.  In  the 
three  years  intervening  the  number  has  grown  to  twenty-four,  with 
a  total  membership  of  more  than  half  a  thousand. 

According  to  the  basis  adopted  by  the  Council  in  December  1908, 
these  student  branches,  while  maintaining  their  autonomy  and 
independence,  are  offered  many  of  the  privileges  of  the  Society. 
The  Journal  is  sent  as  a  subscription  to  all  affiliates,  and  all  other 
publications  of  the  Society  are  supplied  to  the  students  at  members' 
rates.  Each  organization  holds  independent  meetings,  monthly  or 
bi-monthly,  and  reports  of  these  are  published  in  The  Journal  from 
time  to  time.  Members  of  the  Society  frequently  address  the  branch 
meetings,  and  the  Secretary  has  personally  visited  many  of  them  in 
order  to  convey  the  Society's  greetings  and  to  express  its  cordial 
interest.  Many  graduates  are  now  among  the  Society's  Junior 
members  and  promise  to  become  prominent  in  its  service.     Branch 
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meetings  offer  to  the  students  practical  opportunities  for  public 
speaking,  for  the  presentation  and  discussion  of  papers,  and  for  a 
widening  of  acquaintanceship  likely  to  be  of  value  professionally. 
The  training  received,  modelled  as  each  branch  is  on  the  lines  of  the 
larger  organization  of  which  it  is  a  part,  thus  fits  the  students  to 
undertake,  immediately  after  leaving  college,  activities  which  they 
would  otherwise  have  to  forego. 

TECHNICAL   SEARCHES 

The  Society  has  for  years  put  the  contents  of  its  library  within  the 
reach  of  every  member,  no  matter  how  far  situated  from  head- 
quarters, through  technical  searches.  An  especially  able  staff  is 
maintained  and  that  the  service  is  being  appreciated  is  evidenced 
by  recent  requests  for  data  upon  the  following  subjects,  among 
many  which  might  be  named:  steel  belts,  combustion  of  coal  dust, 
efficiency  tests  of  pumps  for  waterworks,  bearings,  ball  and  roller, 
making  of  brass  tubes,  care  of  belting,  size  of  drums  for  wire  rope, 
design  of  hooks  for  cranes,  automatic  stops,  fire  hose  pressure,  high- 
speed tools,  drying  lumber  in  kilns,  permanent  molds,  manufacture 
and  properties  of  phosphor  bronze,  comparative  value  of  various 
methods  of  power  transmission,  engineering  standards  and  specifica- 
tions, smoke  abatement,  composition  and  heat  treatment  of  steel, 
steam  meters,  high-pressure  turbo-compressors,  tap  drills  for  various 
metals,  manufacture  of  seamless  steel  tubes,  and  shop  costs.  In 
some  instances  typewritten  copies  of  complete  articles  have  been 
furnished  as  well  as  translations.  We  are  equipped  to  make  trans- 
lations from  any  language. 

This  is  an  especially  valuable  side  of  the  work  being  done  by  the 
library  and  ought  to  appeal  to  members  who  lack  the  time  to  make 
such  searches  for  themselves.  Unless  the  work  is  extensive  no 
charge  is  made  and  in  any  event  the  cost  of  copying  or  translation 
is  gaged  by  the  time  required  and  is  slight  in  proportion  to  its  value. 
Members  are  invited  to  make  use  of  the  library  in  this  way. 

STANDARDIZATION    OF    FLANGES 

An  important  work  of  the  committees  has  been  the  formulation 
of  standards  and  the  effort  has  always  been  to  secure  results  which 
would  be  mutually  acceptable  to  the  designers,  manufacturers, 
and  users  of  the  apparatus  to  which  the  standards  applied.  The 
Society  does  not  adopt  standards  in  the  usual  sense,  the  procedure 
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being  instead  for  a  committee  authorized  by  the  Council  to  investi- 
gate and  report,  and  at  a  suitable  time  the  report  is  brought  up  for 
tliscussion  at  a  meeting  of  the  Society.  When  issued  in  its  final 
form  it  is  simply  ordered  printed  by  the  Council. 

In  1894  a  committee  of  the  Society  cooperated  with  one  from  the 
National  Association  of  Master  Steam  and  Hot  Water  Fitters  in 
the  preparation  of  standards  for  pipe  flanges  for  low-pressure  work. 
These  have  been  very  largely  adopted  by  manufacturers,  although 
certain  manufacturers'  standards  have  also  been  employed. 

Recently  the  matter  has  been  taken  up  again  by  the  National 
Association  of  Master  Steam  and  Hot  Water  Fitters,  and  a  committee 
of  The  American  Society  of  Mechanical  Engineers,  H.  G.  Stott, 
chairman,  has  cooperated  with  them  in  preparing  a  report,  a  prelimi- 
nary draft  of  which  w^as  submitted  for  discussion  at  the  Spring  Meet- 
ing at  Pittsburgh  and  later  was  favorably  considered  by  the  Master 
Steam  and  Hot  Water  Fitters.  This  report  is  both  for  standard 
weight  and  extra  heavy  flanged  fittings,  and  in  the  larger  sizes,  that 
is  9  inches  and  above,  it  represents  the  investigation  and  work  con- 
tributed in  a  large  measure  by  our  own  committee.  For  these  sizes 
the  flanges  were  drawn  on  paper,  full  size,  and  the  bolt  holes  laid 
out  and  tested  to  insure  that  there  would  be  no  trouble  in  using 
wrenches  or  through  other  interferences.  The  effort  was  especially 
made  to  secure  ample  strength  in  the  bolts,  inasmuch  as  in  some 
of  the  flanges  as  now  used,  the  bolts  are  stressed  beyond  what  is 
considered  by  our  committee  to  be  a  safe  working  strength. 

Another  step  in  the  preparation  of  the  schedule  has  been  the  hold- 
ing of  a  joint  meeting  of  these  two  committees  and  representatives  of 
manufacturers  of  pipes  and  fittings.  Obviously  the  manufacturers' 
interests  are  very  great,  not  only  because  of  the  large  stock  of  fittings 
which  must  be  regularly  carried  and  which  become  obsolete  if  radical 
changes  in  design  were  made,  but  because  the  equipment  in  the  way 
of  patterns,  flasks,  etc.,  is  an  enormous  item,  as  well  as  the  carrying  of 
stock  of  both  styles  for  old  and  new  work.  The  efforts  of  the  Society 
may  always  be  depended  upon  to  be  directed  toward  the  securing  of 
results  mutually  advantageous  to  the  manufacturer  and  user,  in  so 
far  as  this  is  practicable  ^vithout  sacrificing  the  obvious  responsibility 
of  the  Society  to  advocate  only  what  can  be  considered  sound  engi- 
neering practice. 

THE    ANNUAL    MEETING 

The  Annual  Meeting  to  take  place  in  December,  beginning  on 
Tuesday  evening  the  5th,  and  ending  on  Friday  the  8th,  is  the  32d 
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in  the  history  of  the  Society.  In  1905  when  the  Engineering  Socie- 
ties Building  was  in  immediate  prospect,  the  interest  in  the  Society 
and  its  activities  very  naturally  increased,  and  the  attendance  of 
members  at  the  Annual  Meeting  of  that  year  was  50  per  cent  larger 
than  it  had  been  at  any  previous  meeting.  Since  that  time  the 
attendance  has  continued  to  be  large,  averaging  more  than  700  mem- 
bers, thus  affording  an  unusual  opportunity  for  engineers  to  meet 
others  in  the  profession  from  different  sections  of  the  country. 

The  preparation  of  the  program  of  these  meetings  which  is  in  the 
hands  of  the  Committee  on  Meetings,  involves  a  great  amount  of 
painstaking  work,  extending  over  a  long  period  of  time.  The  meeting 
this  year  will  be  notable  because  it  represents  the  beginning  of  a  new 
era  in  the  meetings  of  the  Society,  wherein  contributions  will  be 
made  from  widely  different  fields  of  engineering  by  groups  of  men  who 
are  specialists  in  the  subjects  brought  up  for  discussion.  This  is 
the  result  of  the  plan  of  the  Committee  on  Meetings,  which  has 
also  received  the  enthusiastic  approval  of  the  Council,  to  organize  sub- 
committees of  specialists  who  will  assist  in  securing  papers,  present 
annual  reports  of  the  state  of  the  art,  and  otherwise  bring  to  the 
attention  of  members  in  other  fields  the  important  engineering  prob- 
lems that  are  to  be  solved.  They  will  in  return  receive  the  benefit 
of  discussion  by  the  entire  membership  who  may  have  had  similar 
problems  in  their  own  particular  fields. 

It  is  no  small  problem,  moreover,  to  arrange  the  entertainment 
program  for  these  Annual  Meetings,  even  in  a  city  with  the  resources 
of  New  York.  The  Committee  on  Meetings  in  New  York  took  this 
matter  in  hand  early  for  the  coming  meeting  and  have  arranged 
excursions  to  points  so  far  as  possible  not  before  visited  by  the  Society 
as  a  body,  and  they  have  also  introduced  new  features  which  should 
add  to  the  pleasure  of  those  who  have  been  regular  attendants  of 
these  meetings. 

Calvin  W.  Rice,  Secretary. 


COMING  MEETINGS 
NEW  YORK  MEETING.  NOVEMBER  14 

On  account  of  the  wide  interest  in  the  subject  of  Welding,  Autog- 
enous, and  Electric,  the  Committee  on  Meetings  of  the  Society 
in  New  York  has  arranged  for  its  presentation  at  the  monthly  meeting 
on  November  14  in  the  Engineering  Societies  Building.  The  material 
already  in  hand  is  replete  with  valuable  information  concerning  the 
latest  developments  in  apparatus  and  applications  of  these  processes. 
For  various  reasons  the  possibilities  of  these  processes  have  not  been 
taken  advantage  of.  They  are  by  no  means  limited  to  repair  work, 
im])ortant  as  it  is,  and  if  employed  would  revolutionize  many  practices 
in  manufacturing.  The  subject  well  deserves  the  investigation  of 
those  not  fully  acquainted  with  it.  Representatives  of  both  the 
makers  and  users  of  the  apparatus  will  participate  in  the  discussion. 

The  subject  will  be  introduced  by  H.  R.  Cobleigh,  Mem.Am. 
Soc.M.E.,  publicity  manager  of  the  International  Steam  Pump 
Company,  New  York,  in  a  general  paper  dealing  with  the  apparatus 
used  in  the  different  processes.  The  origin  and  principles  of  each 
process,  with  considerable  stress  on  the  flame  processes,  will  be  given. 
This  will  be  followed  by  two  special  papers,  one  on  Thermit  Welding, 
by  G.  E.  Pelissier,  Assoc.Am. Soc.M.E.,  superintendent  of  the  Gold- 
schmidt  Thermit  Company,  New  York,  and  one  upon  Electric  Weld- 
ing, by  C.  B.  Auel,  assistant  manager  of  works  of  the  Westinghouse 
Electric  &  Manufacturing  Company,  East  Pittsburgh,  Pa. 

The  discussion  will,  in  the  main,  be  divided  as  follows: 

a  Electric  resistance  welding 

h  Electric  arc  welding 

c  Thermit  welding 

d  Oxy-acetylene  welding 

e  Oxy-hydrogen  welding 

The  fields  of  appHcation,  costs  of  work,  how  difficult  work  may  be 
accomplished  and  advantages  of  special  features  of  apparatus  will  be 
taken  up  under  each  of  these  divisions.  The  speakers  will  not  be 
limited  to  these  particular  phases  but  it  is  hoped  that  information 
along  these  lines  may  be  brought  out.      Among  those  who  are  cx- 
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pected  to  ]);irtici])ato  are  AV.  R.  Noxon,  of  the  Davis-Bournonville 
Company;  Nelson  Goodyear,  of  Nelson  Goodyear,  Inc.;  G.  E. 
Kershaw,  Linde  Air  Products  Company;  W.  H.  Levin,  of  the  In- 
ternational Oxygen  Company;  Henry  Cave,  of  the  Autogenous 
Welding  Equipment  Company,  B.  Morgan,  Newport,  R.  I.;  and 
L.  P.  Alford,  Mem.Am.Soc.M.E.,  editor-in-chief  of  The  American 
Machinist,  New  York. 

The  papers  and  many  of  the  discussions  will  be  illustrated  by 
lantern  slides  and  it  is  expected  that  one  process  will  be  shown  with 
moving    pictures. 

BOSTON  MEETING,  NOVEMBER  15 

A  meeting  of  the  members  of  the  Society,  the  American  Institute 
of  Electrical  Engineers  and  the  Boston  Society  of  Civil  Engineers 
cooperating,  will  be  held  in  Boston,  on  November  15  in  the  rooms  of  the 
Boston  Society  of  Civil  Engineers.  A  paper  on  Some  Refractory 
Substitutes  for  Wood,  by  Charles  L.  Norton,  Mem.Am.Soc.M.E., 
associate  professor  of  physics  of  the  Massachusetts  In^^titute  of 
Technology,   will  be  presented. 

NEW  HAVEN  MEETING,  NOVEMBER  15 

The  Society  will  hold  a  meeting  in  New  Haven  in  the  Mason  Labor- 
atory of  Mechanical  Engineering,  on  November  15,  commencing  at 
3  p.m.,  with  afternoon  and  evening  sessions.  E.  S.  Cooley,  of  the 
Coimecticut  Company,  chairman  of  the  Committee  on  Meetings  of 
the  Society  in  New  Haven,  will  act  as  chairman  of  the  afternoon  ses- 
sion, when  the  Cost  of  Power  will  be  the  topic  considered.  The  sub- 
ject Avill  be  introduced  by  several  papers  describing  plants  now  in 
operation  in  New  Haven  and  vicinity,  using  power  from  steam  engines, 
steam  turbines,  gas  and  oil  engines.  At  the  close  of  the  session  the 
new  Mason  Laboratory  will  be  open  for  inspection. 

Dinner  will  be  served  in  the  Yale  Dining  Club  at  6  p.  m.  and  the 
meeting  will  be  resumed  at  8  p.m.,  Lester  P.  Breckenridge,  professor 
of  mechanical  engineering  of  the  Sheffield  Scientific  School,  presiding. 
Col.  E.  D.  Meier,  President  of  the  Society,  will  make  an  informal 
address,  and  an  illustrated  lecture  will  be  delivered  by  Chas.  F.  Scott, 
Past-President  A.I.E.E.  and  Mem.Am.Soc.M.E.,  professor  of  elec- 
trica"  engineering  of  the  Sheffield  Scientific  School,  upon  the  Hart- 
ford Electric  Light  Company,  its  Power  Plant,  Distribution  System, 
and  Pul)li('  Service. 


KEPOKIS  OF  MEETINGS 

NEW  YORK  MEETING,  OCTOBER  9 

The  monthly  meeting  of  the  Society  in  New  York,  held  in  the 
Engineering  Societies  Building  on  October  9,  had  for  the  topic  of 
the  evening  Reinforced  Concrete  Construction.  A  paper  on  Factory 
Construction  and  Arrangement  was  presented  by  L.  P.  Alford,  Mem. 
Am.Soc.  M.E.,  editor-in-chief  of  The  American  Machinist,  and  H.  C. 
Farrell,  Mem.Am.Soc.M.E.,  mechanical  engineer  of  the  United  Shoe 
Machinery  Company,  Beverly,  Mass.,  in  which  the  latter  company's 
plant  was  described.  This  factory  was  one  of  the  first  to  be  con- 
structed entirely  of  reinforced  concrete  and  is  an  example  of  its  most 
extensive  use  for  machine-shop  purposes. 

The  discussion  centered  particularly  about  the  phases  of  factory 
arrangement,  covering  the  different  methods  of  arranging  machin- 
ery for  manufacturing;  artificial  shop  lighting,  dealing  with  the 
advantages  of  diffused  illumination  versus  individual  lights  at  each 
machine,  and  the  best  types  of  lamps  for  each;  factory  floors,  giving 
the  relative  adv^antages  of  concrete,  composition  and  wood.  Those 
who  participated  either  orally  or  by  means  of  written  contributions 
were:  Alexander  Taylor,  Mem.Am.Soc.M.E.,  manager  of  the  West- 
inghouse  Electric  &  Manufacturing  Company,  East  Pittsburgh, 
Pa.;  L.  D.  Burlingame,  Mem.Am.Soc.M.E.,  chief  draftsman  for  the 
Brown  &  Sharpe  Manufacturing  Company,  Providence,  R.  I.;  G.  H. 
Stickney,  General  Electric  Company,  Schenectady,  N.  Y.;  H.  M. 
Lambourn,  superintendent  of  power  plant,  Yale  &  Towne  Manufac- 
turing Company,  Stamford,  Conn.;  Henry  Hess,  Mem.Am.Soc.M.E., 
president  Hess-Bright  Manufacturing  Company;  Gilbert  Arnold, 
Stamford,  Conn.;  George  Parsons;  L.  C.  Wason,  president  of  the 
Aberthaw  Construction  Company,  Boston,  Mass. ;  and  F.  A.  Waldron, 
Mem.Am.Soc.M.E.,  industrial  engineer.  New  York. 

The  paper  and  many  of  the  discussions  were  illustrated  by  lan- 
tern slides,  some  of  them  in  color. 

SAN  FRANCISCO  MEETING,  OCTOBER  17 

The  members  of  the  Society  in  San  Francisco  held  a  dinner  at  the 
Fairmont  Hotel,  San  Francisco,  on  October  17,  to  meet  Col.  E.  D. 
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Meier,  President  of  the  Society.  A.  M.  Hunt,  chairman  of  the 
Committee  on  Meetings  of  the  Society  in  San  Francisco,  presided. 
Society  matters  were  discussed  and  George  W.  Dickie,  Edward  C. 
Jones  and  T.  W.  Ransom  were  appointed  a  committee  to  confer  with 
the  representatives  of  other  engineering  organizations  with  regard  to 
the  engineering  congress  projected  for  1915. 

The  next  meeting  of  the  Society  for  the  presentation  of  profes- 
sional papers  and  discussion  will  probablj^  be  held  in  December. 

BOSTON  MEETING,  OCTOBER  18 

The  Society  cooperated  with  the  American  Institute  of  Electrical 
Engineers  and  the  Boston  Society  of  Civil  Engineers  in  a  meeting  held 
in  Boston  on  October  18,  under  the  auspices  of  the  last  organization. 
The  paper  of  the  evening,  Power  System  of  the  Pacific  Mills:  Methods, 
Rules  and  Cost  of  Operation,  by  F.  A.  Wallace,  Assoc.Am.Soc.M.E., 
master  mechanic  of  the  Pacific  Mills,  Lawrence,  Mass.,  was  presented 
by  Mr.  Robinson,  a  member  of  his  staff,  and  was  illustrated  by  lan- 
tern slides. 

The  Pacific  Mills  Corporation  operates  several  properties,  the 
largest  of  which  is  the  group  of  mills  and  works  on  the  north  side  of 
the  Merrimac  River  at  Lawrence,  Mass.,  motive  power  for  which 
has  in  the  past  been  obtained  from  a  variety  of  steam  engines  supple- 
mented by  waterwheels.  Recently  a  power  house  with  turbo- 
generators, concrete  coal  pocket,  etc.,  has  been  provided,  and  an  elec- 
tric transmission  system  extending  throughout  the  property.  The 
paper  included  a  very  full  description  of  the  plant,  transmission 
system  and  motor  drives,  as  well  as  of  the  methods  and  organiza- 
tion for  operation  and  inspection,  and  considerable  information  as  to 
costs.  An  interesting  incident  was  the  reference  to  a  high-pressure 
high-speed  steam  engine,  built  in  1847,  to  take  steam  at  30-lb,  gage, 
and  running  30  r.p.m.,  which  in  its  later  years  of  service  has  been 
run  on  exhaust  steam  from  other  sources. 

The  paper  was  followed  by  an  extended  discussion,  participated 
in  by  C.  R.  Manning,  Mem.Am.Soc.M.E.,  superintendent  of  the 
Amoskeag  Manufacturing  Company,  Manchester,  N.  H.;  A.  G.  Hos- 
mer,  Mem.Am.Soc.M.E.,  mechanical  superintendent  of  the  Lancaster 
Mills,  Clinton,  Mass.;  Chas.  T.  Main,  Mem.Am.Soc.M.E.,  Boston, 
Mass.;  W.  L.  Puffer,  Mem.A.LE.E.,  Boston,  Mass.;  R.  A.  Fessen- 
den,  Mem.A.LE.E.,  Boston,  Mass.;  G.  A.  Burnham,  Assoc.A.LE.E., 
assistant  engineer,  Condit  Electric  Manufacturing  Company,  Bos- 
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ton,  Mass.;  F.  M.  Giinby,  nieinbor  Boston  Society  of  Civil  Engineers, 
with  Chas.  T.  Main,  Boston,  Mass.;  and  others. 

PHILADELPHIA  MEETING,  OCTOBER  18 

A  meeting  of  the  Society  in  cooperation  with  the  Franklin  Institute 
was  held  in  Philadelphia  on  October  18,  in  the  hall  of  the  Institute. 
The  Practical  Application  of  Scientific  Management  to  Railway 
Operation  was  presented  in  a  paper  by  Wilson  E.  Symons,  consul cing 
engineer,  Chicago,  111.  Mr.  Symons  combated  the  theory  that  by 
scientific  management  in  the  operation  of  railways  a  saving  of  $1,000,- 
000  a  day  could  be  effected,  and  said  practical  railroad  men  who  know 
more  about  the  economic  operation  of  railroads  than  theorists,  had 
already  reduced  maintenance  and  operating  expenses  to  a  minimum. 
The  paper  contained  many  statistics  and  took  up  in  detail  a  consider- 
ation of  employees  and  compensation,  operating  revenues  and  expen- 
ditures, division  of  expenditures  and  balance  sheet,  efficiency,  staff 
officers,  efficiency  engineers,  the  question  of  over-expenditure  on 
oil,  all  of  which,  the  author  believed,  gave  evidence  for  a  decision 
against  the  adoption  of  the  plan. 

Railroad  experts  as  well  as  men  eminent  in  scientific  management 
were  present  and  the  paper  was  thoroughly  discussed  in  the  open 
meeting  which  followed.  Among  the  discussors  were  Webb  C.  Ball, 
chief  time  inspector  for  the  New  York  Central  Lines,  Cleveland, 
Ohio;  F.  H,  Clark,  Mem.Am.Soc.M.E.,  general  superintendent  of 
motive  power,  Baltimore  &  Ohio  Railway,  Baltimore,  Md.;  A.  L. 
Conrad,  assistant  general  auditor  for  the  Atcheson,  Topeka  &  Santa 
Fe  Raihvay;  Charles  Day,  Mem.Am.Soc.M.E.,  of  Dodge,  Day  & 
Zimmerman,  Philadelphia;  Harrington  Emerson,  Mem.Am.Soc.M.E., 
and  Frank  B.  Gilbreth,  Mem.Am.Soc.M.E.,  New  York  City,  both 
noted  exponents  of  scientific  management;  George  R.  Henderson, 
Mem.Am.Soc.M.E.,  mechanical  engineer  for  the  Baldwin  Locomotive 
Works,  Philadelphia;  B.  B.  Milner,  mechanical  engineer,  Pennsyl- 
vania Railroad,  Wilmington,  Del.;  Jas.  Shirley  Eaton,  New  York; 
Walter  V.  Turner,  chief  engineer  of  the  Westinghouse  Air  Brake 
Company,  Pittsburgh,  Pa.,  and  S.  M.  Vauclain,  Mem.Am.Soc.M.E,, 
superintendent  of  the  Baldwin  Locomotive  Works,  Philadelphia. 
Mr.  Emerson  who  is  the  author  of  the  statement  that  $1,000,000 
could  be  saved  daily  by  the  railroads  under  a  system  of  scientific 
management,  declared  that  since  making  that  statement  he  had 
increased  the  amount  to  $2,000,000.  He  cited  figures  to  show  how 
one  railroad  had  decreased  operating  expenses  and  increased  its  effi- 
ciency since  adoption  of  the  plan. 


STUDENT  BRANCHES 

LELAND    STANFORD   JR.    UNIVERSITY 

On  October  4,  the  Stanford  Mechanical  Engineering  Association 
held  its  opening  meeting  of  the  year,  on  which  occasion  Prof.  W.  F. 
Durand  gave  an  interesting  and  instructive  talk  on  the  Los  Angeles 
Aqueduct.  This  was  followed  by  an  open  discussion  by  the  mem- 
bers present. 

STATE  UNIVERSITY  OF  KENTUCKY 

At  the  first  meeting  of  the  year  of  the  State  University  of  Ken- 
tucky Student  Branch,  October  6,  William  Gibson  delivered  an  ad- 
dress on  the  Industrial  Efficiency  and  the  Attitude  of  Labor  Regarding 
It.  Frederick  P.  Anderson,  professor  of  mechanical  engineering  at 
the  University  was  elected  honorary  chairman. 

MASSACHUSETTS    INSTITUTE    OF   TECHNOLOGY 

The  Mechanical  Engineering  Society  of  the  Massachusetts  Institute 
of  Technology  held  a  dinner  on  October  19,  at  which  Fred  R.  Low, 
Prof.  J.  C.  Riley  and  E.  F.  Miller,  the  new  head  of  the  mechanical 
engineering  department,  were  among  the  speakers.  After  the  dinner 
J.  A.  Noyes  outlined  the  Society's  plans  for  the  coming  year,  which 
are  to  include  excursions,  and  lectures  by  professional  men  of  wide 
experience  and  reputation,  as  well  as  by  members  of  the  senior  class. 

STEVENS   INSTITUTE    OF   TECHNOLOGY 

The  first  regular  meeting  of  the  Stevens  Engineering  Society  was 
held  on  October  12,  for  the  election  of  new  members  and  the  discus- 
sion of  the  year's  activities.  Seventy  students  were  admitted,  mak- 
ing the  total  active  membership  132. 

The  following  lectures  are  scheduled  to  be  delivered  before  the 
society  during  the  coming  year:  October  19,  Calvin  W.  Rice,  Secre- 
tary of  the  Society,  will  extend  the  greeting  of  The  American  Society 
of  Mechanical  Engineers,  and  Charles  Whiting  Baker  will  speak  on  a 
subject  to  be  announced;  November  9,  James  Hartness,  Some  Non- 
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Technical  Phases  of  Machine  Design;  December  7,  Arthur  H.  Elliott, 
The  Comparative  Economics  of  Coal  Gas  and  Water  Gas;  December 

14,  William  D.  Ennis,  Vapor  for  Heat  Engines;  January  11,  Charles 
Kirchhoff,  Factors  in  the  Development  of  the  Iron  Industry;  Febru- 
ary 8,  Charles  N.  Chadwick,  The  Catskill  Water  Supply;  February 

15,  Thomas  Travis,  The  Criminal  from  the  Scientific  Standpoint; 
February  29,  Col.  E.  D.  Meier,  Modern  Boiler  Practice;  March  14, 
Worcester  R.  Warner,  What  are  the  Astronomers  Doing;  April  18, 
Charles  P.  Steinmetz,  Phenomena  Beyond  the  Elastic  Limit,  with 
Special  Reference  to  Electrical  Effects. 

UNIVERSITY    OF    CINCINNATI 

The  University  of  Cincinnati  Student  Section  held  its  regular 
monthly  meeting,  October  12,  at  which  Augustus  Davis,  of  the  Ohio 
Welding  &  Manufacturing  Company,  lectured  on  the  Oxy-Acetylene 
Process  of  Welding  &  Cutting  Metals.  His  demonstrations  were 
practical  and  showed  the  engineering  possibilities  of  the  process. 

UNIVERSITY    OF   MISSOURI 

At  the  meeting  of  the  Student  Section  of  the  Society  at  the  Univer- 
sity of  Missouri  held  October  2,  the  following  officers  were  elected 
for  the  first  semester:  G.  D.  Mitchell,  president;  J.  H.  Pound, 
secretary-treasurer;  P.  A.  Tanner,  corresponding  secretary;  and  H.  S. 
Philbrick,  A.  C.  Edwards,  F.  J.  King,  governing  committee. 

Prof.  H.  W.  Hibbard  spoke  on  the  value  of  The  Journal,  and  A.  J. 
Hecker  presented  a  paper  on  Troublesome  Questions  in  Brake 
Design,  which  was  further  discussed  by  Prof.  E.  A.  Fessenden. 

On  October  16,  Professor  Hibbard  and  C.  A.  Olson  spoke  on  Power 
Forging  and  a  general  discussion  of  power  hammers,  rolls  and  presses 
followed. 

YALE    UNIVERSITY 

On  October  10,  the  Yale  Mechanical  Engineers  Club  held  a  most 
successful  meeting  at  which  21  new  members  were  enrolled.  Prof. 
L.  P.  Breckenridge  made  a  short  address  in  which  he  set  forth  the 
advantages  to  be  derived  from  a  student  branch,  and  subsequently 
by  joining  The  American  Society  of  Mechanical  Engineers. 


NECKOLOGY 

HENRY  A.   FERGUSSON 

Henry  A.  Fcrgusson  was  born  in  Philadelphia,  Pa.,  December 
1869,  and  received  his  technical  training  at  the  Spring  Garden  Poly- 
technic Institute  and  at  Cornell  University.  In  September  1887,  he 
began  an  apprenticeship  at  the  Baldwin  Locomotive  Works,  Phil- 
adelphia, and  from  1888  to  1902  was  employed  by  the  Pennsylvania 
Railroad  Company  at  Altoona,  Pa.,  holding  successively  the  posi- 
tions of  assistant  foreman  of  car  shops;  assistant  master  mechanic 
at  the  Meadows  shops;  assistant  road  foreman  of  engineers  of  the 
New  York  division,  in  sole  charge  of  tonnage,  rating  and  tests  of 
locomotives;  and  assistant  engineer  of  motive  power.  He  resigned 
from  the  company  to  become  assistant  superintendent  of  motive 
power  of  the  Chicago  Great  Western  Railroad,  St.  Paul,  Minn.,  and 
in  1904  entered  the  employ  of  J.  T.  Ryerson  &  Sons,  Chicago,  111., 
as  engineer.  At  the  time  of  his  death  on  April  22,  1911,  he  had  been 
consulting  engineer  and  general  manager  for  The  Steel  Roof  Truss 
Company,  Valley  Park,  Mo.,  for  several  years. 

WILLIAM  S.  McKINNEY 

William  S.  McKinney  was  born  in  Troy,  N.  Y.,  August  11,  1844. 
He  removed  with  his  parents  to  Cincinnati,  Ohio,  in  1861,  where 
his  father  engaged  in  the  manufacture  of  hardware  in  partnership 
with  Miles  Greenwood.  At  the  age  of  twenty,  after  the  sudden 
death  of  his  father,  he  assumed  entire  charge  of  the  factory,  continu- 
ing to  carry  on  the  business  until  the  expiration  of  the  partnership 
agreement  with  Mr.  Greenwood.  He  then,  together  with  his  brother 
J.  P.  McKinney,  built  a  small  works  for  the  manufacture  of  hardware, 
making  a  specialty  of  strap  and  tee  hinges  and  butts.  Recognizing 
the  advantages  to  be  found  in  Pittsburgh  for  a  business  of  this  char- 
acter, they  removed  the  works  to  Allegheny,  Pa.,  and  organized  the 
McKinney  Manufacturing  Comi3any,  of  which  he  Avas  president 
until  his  death.  His  engineering  work  was  confined  mainly  to  the 
designing,  l)uilding  and  improving  of  machinery  adapted  for  the  man- 
ufacture of  heavy  hardware.     He  died  at  his  home  in  Pittsburgh, 

August  30,  1911. 
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THEIR   RELATION   TO    THE  PROBLEMS  OF  METEOROLOGY  AND 
OF  AIR  CONDITIONING 

By  Willis  H.  Carrier 

ABSTRACT  OF  PAPER 

In  many  industries  such  as  the  manufacture  of  textiles,  food  products,  high 
explosives,  photographic  films,  tobacco,  etc.,  regulation  of  the  humidity  of  the 
atmosphere  is  of  great  importance.  This  paper  deals  with  the  subject  of  the 
artificial  regulation  of  atmospheric  moisture,  technically  known  as  air  condi- 
tioning. It  gives  a  theoretical  discussion  of  the  subject  in  which  formulae 
are  developed  for  the  solution  of  problems.  These  formulae  are  based  upon 
the  most  recently  determined  data  and  in  order  to  establish  a  logical  basis  for 
the  presentation  of  these  data  and  the  derivation  of  the  formulae,  the  princi- 
ples governing  atmospheric  moisture  are  reviewed  and  the  present  methods  of 
determining  atmospheric  humidity  are  discussed. 
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THEIR   RELATION   TO  THE   PROBLEMS   OF   METEOROLOGY   AND 
OF  AIR  CONDITIONING 

By  Willis  H.  Carrier,  Buffalo,  N.  Y. 
Associate  Member  of  the  Society 

A  specialized  engineering  field  has  recently  developed,  technically 
known  as  air  conditioning,  or  the  artificial  regulation  of  atmospheric 
moisture.  The  application  of  this  new  art  to  many  varied  industries 
has  been  demonstrated  to  be  of  greatest  economic  importance.  When 
applied  to  the  blast  furnace,  it  has  increased  the  net  profit  in  the  pro- 
duction of  pig  iron  from  $0.50  to  $0.70  per  ton,  and  in  the  textile 
mill  it  has  increased  the  output  from  5  to  15  per  cent,  at  the  same 
time  greatly  improving  the  quality  and  the  hygienic  conditions 
surrounding  the  operative.  In  many  other  industries,  such  as  litho- 
graphing, the  manufacture  of  candy,  bread,  high  explosives  and 
photographic  films,  and  the  drying  and  preparing  of  delicate  hygro- 
scopic materials,  such  as  macaroni  and  tobacco,  the  question  of 
humidity  is  equally  important.  While  air  conditioning  has  never 
been  properly  applied  to  coal  mines,  the  author  is  convinced  that  if 
this  were  made  compulsory,  the  greater  number  of  mine  explosions 
would  be  prevented. 

2  Although  of  so  much  practical  as  well  as  scientific  importance 
the  laws  governing  many  of  the  phenomena  of  atmospheric  moisture 
are  but  partially  understood,  while  the  present  engineering  data 
pertaining  thereto  are  both  inaccurate  and  incomplete.  Accepted 
data  used  in  psychrometric  calculations  are  based  largely  on  empirical 
formulae,  which  are  incorrect  as  well  as  limited  in  their  range.  Recent 
investigators  have  determined  the  most  important  properties  of 
water  vapor  \vith  final  accuracy.  At  the  same  time,  sufficient 
error  lias  been  showai  in  previous  steam  data,  especially  at  atmospheric 
temperatures,  to  warrant  the  revision  of  all  calculations  based  thereon. 


The  American  Society  of  Mechanical  Engineers,  29  West  39th  Street, 
New  York.     All  papers  are  subject  to  revision. 
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3  It  is  the  purpose  of  tliis  paper  to  apply  these  final  data  to  the 
development  of  rational  formulae  for  the  solution  of  all  problems 
pertaining  to  the  phenomena  of  atmospheric  moisture  as  related  to 
psychrometry  and  to  air  conditioning.  Original  data  are  given  in 
proof  of  fundamental  relations  as  well  as  in  determination  of  errors 
in  standard  psychrometric  instruments.  The  author  hopes  these 
results  may  prove  to  be  of  permanent  value. 

4  In  order  to  establish  a  logical  basis  for  the  presentation  of  these 
data  and  the  derivation  of  the  rational  formulae,  the  established 
principles  and  laws  governing  atmospheric  moisture  will  be  reviewed 
and  the  present  methods  of  determining  atmospheric  humidity  dis- 
cussed. 

VAPOR  PRESSURE  AND  LAW  OF  PARTIAL  PRESSURES 

5  Water  vapor  exists  in  the  air  purely  as  a  mixture  in  relation  to 
its  other  elements.  This  vapor,  according  to  Dalton's  law,  is  capable 
of  exerting  a  certain  maximum  vapor  pressure  dependent  entirely  on 
its  temperature  and  regardless  of  the  presence  of  other  gases  or  vapors. 
For  example,  assume  1  cu.  ft.  saturated  with  vapor  of  alcohol  at  100 
deg.  cent,  having  a  vapor  pressure  of  1697.6  mm.,  and  add  isother- 
mallyto  this  1  cu.ft.  saturated  with  water  vapor  at  100  deg.  cent,  hav- 
ing a  vapor  pressure  of  760  mm.  This  will  give  1  cu.  ft.  of  the  mix- 
ture saturated  with  both  water  vapor  and  alcohol  vapor  at  100 
deg.  cent.,  having  as  a  total  pressure  the  sum  of  the  two  separate 
saturated  vapor  pressures,  or  2457.6  mm.  Similarly,  an  equal 
volume  of  a  third  saturated  vapor  might  be  added  without  affecting 
the  other  two.  But  if,  on  the  other  hand,  it  is  attempted  to  include 
isothermally  an  additional  amount  of  either  of  the  saturated  vapors, 
a  corresponding  condensation  of  the  particular  vapor  added  would 
result.  In  the  same  manner,  an  unlimited  amount  of  a  gas,  such  as 
air,  coiild  be  added  isothermally  to  a  cubic  foot  of  water  vapor  with- 
out affecting  its  condition  of  saturation,  giving  a  combined  pressure 
equal  to  the  gas  pressure  plus  the  vapor  pressure. 

6  The  established  temperature-pressure  relationship  of  saturated 
water  vapor  is  shown  by  curve  (1)  on  the  charts.  Figs.  1  and  2. 
This  is  the  well-known  temperature-pressure  curve  of  steam. 

PARTIAL   SATURATION 

7  When  the  temperature  of  a  definite  weight  of  saturated  vapor 
is  increased  isobarometrically,   it  is  said  to   be  superheated.     Its 
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specific  volume  is  increased,  in  accordance   with  the  law  of  gases, 

in  direct  proportion  to  the  increase  of  absolute  temperature,  while 

its  density  is  changed  in  an  inverse  proportion,  as  shown  in  Fig.  3; 

D       T 
that  is,  -f-=  TfT  J  where  Dx  and  D-z  are  the  densities  corresponding 

to  the  absolute  temperatures  Ti  and  T2,  respectively,  and  (T'2  —  Ti) 
is  the  degree  of  superheat.     If  Di  is  the  density  of  saturated  vapor  at 

temperature  T2,  then  the  ratio  ^  is  said  to  be  the  per  cent  of  satura- 

tion,  or  more  exactly,  the  per  cent  of  isothermal  saturation.     When 
these  relationships  are  considered  with  respect  to  water  vapoi   in 


'temperature 

Fig.  3    Temperature-Density  Diagram 

air,  this  ratio  is  termed  the  per  cent  of  relative  humidity,  while  the 
densities  Di,  Di,  D'2,  etc.,  customarily  expressed  in  grains  of  moistuie 
per  cubic  foot,  are  termed  absolute  humidities. 


DEW   POINT 

8  It  should  be  noted  that  although  the  total  weight  of  the  water 
vapor  remains  the  same,  the  absolute  humidity  D2  is  less  than  the 
absolute  humidity  Di.  However,  if  water  vapor,  or  air  containing 
water  vapor,  having  a  temperature  T2  and  an  absolute  humidity  of 
D2,  be  cooled  to  Ti,  it  will  become  saturated,  and  if  cooled  further, 
moistuie  will  be  precipitated.  Therefore  Ti  is  termed  the  dew  point 
of  air  having  a  temperature  T'2  and  an  absolute  humidity,  D2,  or  a 

corresponding   relative    humidity,   .  /.      Therefore,    the    dew   point 

i)  2 
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may  be  defined  as  the  minimum  temperature  to  which  air  of  a  given 
moisture  content  may  be  cooled  without  precipitation  of  moisture. 

9  Usually  it  is  more  convenient  to  determine  the  absolute  and 
relative  humidities  from  the  temperature-pressure  curve  by  comparing 

the  vapor  pressures.     The  per  cent  of  humidity  is  ^,  but  it  may  also 

be  shoA\Ti  to  be  equal  to  —r)  i.e. 

e  ^ 

per  cent  humidity  =  "7  =  777 [1] 

62  17  2 

where  ei,  is  the  pressure  of  saturated  vapor  corresponding  to  the  dew 
point  T\,  and  e'2  is  the  vapor  pressure  at  saturation  corresponding  to 
temperature  Ti.     It  also  follows  that 

D.=  D\X- f2] 

6   2 

Proof  of  these  relationships  is  given  in  Appendix  No.  1. 

METHODS    OF   MEASURING    ATMOSPHERIC    HUMIDITY 

10  Determinations  of  atmospheric  moisture  may  be  made  by 
four  distinct  methods: 

11  Chemical  Method.  A  measured  quantity  of  air  is  drawn 
through  some  de-hydrating  solution,  such  as  concentrated  sulphuric 
acid,  until  the  moisture  is  completely  removed  and  the  increase  in  the 
weight  of  the  solution  noted. 

12  Hygroscopic  Method.  This  method  is  chiefly  useful  in  an 
approximate  determination  of  the  relative  humidity  directly.  It  is 
known  that  nearly  all  animal  and  vegetable  substances  containing 
albumen  or  cellulose,  and  also  many  mineral  salts  are  very  sensitive 
to  changes  in  atmospheric  moisture.  The  moisture  content  of  such 
materials  at  equilibrium  is  found  to  bear  a  direct  relation  to  the  exist- 
ing amount  of  moisture  in  the  atmosphere. 

13  The  per  cent  of  moisture  which  they  will  freely  absorb,  how- 
ever, is  not  exactly  the  same  for  the  same  percentage  of  humidity  for 
different  temperatures.  This  relationship  of  moisture  content  of 
various  textiles  to  different  atmospheric  humidities  and  temperatures 
has  been  very  thoroughly  investigated  by  Schloessing  in  France. 
Fig.  4  exhibits  some  of  the  relationships  thus  determined. 

14  It  is  therefore  to  be  seen  that  the  moisture  content  of  the  air 
will  be  approximately  indicated  l)y  measuring  the  increase  in  weight 
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of  a  skein  of  silk,  or  other  textile,  whose  dry  weight  has  been  definitely 
determined.  Such  an  instrument  for  the  measurement  of  humidity 
has  been  devised  by  William  D.  Hartshorne  of  Lawrence,  Mass. 

15  The  action  of  the  hair  hygrometer  depends  upon  its  linear 
expansion  due  both  to  humidity  and  temperature.  The  accuracy  of 
this  type  of  hygrometer  was  thoroughly  investigated  by  Regnault. 
It  may  be  calibrated  to  give  a  fairly  accurate  indication  of  humidity 
throughout  a  considerable  range  of  temperature.  However,  the  elas- 
ticity of  the  hair  or  any  similar  fiber  is  not  permanent  and  any  instru- 
ment operating  on  this  principle  requires  frequent  calibration  and 
readjustment.  Therefore  it  can  be  used  only  in  connection  with 
some  instrument  giving  absolute  determinations. 
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Fig.  4    Effect  of  Humidity  on  Moisture  Content  of  Textiles 


16  In  his  investigations  of  atmospheric  humidity,  Regnault 
found  that  a  solution  of  calcium  chloride  exposed  to  the  air  would 
assume  a  density  in  proportion  to  the  relative  humidity.  If  the  air 
became  drier,  it  would  evaporate  moisture  from  the  solution,  increas- 
ing its  density.  If,  on  the  other  hand,  the  humidity  of  the  air  in- 
creased, moisture  would  be  absorbed  by  the  solution  until  it  reached 
an  equilibrium. 

17  A  test  was  made  by  the  writer  in  May  1902,  to  determine  the 
moisture-absorbing  properties  of  calcium-chloride  brine  for  the  pur- 
pose of  air  conditioning.  It  was  found  that  with  a  constant  humid- 
ity of  the  air,  the  rate  of  absorption  varied  directly  in  proportion  to 
its  change  in  density,  and  that  the  density  of  the  solution  decreased 
to  a  point  where  absorption  stopped.     In  connection  with  this  test 
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an  interestinft  plienomenon  was  observed  relative  to  the  conversion 
of  the  latent  heat  into  sensible  heat  of  the  moisture  thus  absorbed. 
By  measuring  the  increase  in  temperature,  it  was  found  possible  to 
account  very  closely  for  the  calculated  latent  heat  of  the  mois- 
ture removed.  The  temperature  of  the  solution  w^as,  furthermore, 
considerably  higher  than  the  final  temperature  of  the  air.  This  may 
be  explained  by  the  assumption  that  the  absorption  and  consequent 
heat  transformation  occurred  at  the  surface  film  where  the  air  in  the 
film  and  the  liquid  were  heated  to  an  equal  temperature,  and  that  not 
all  of  the  air  came  into  direct  contact  with  the  liquid.  This  is  the 
direct  inverse  of  phenomena  occurring  in  evaporation  with  incomplete 
saturation.  Here  the  temperature  of  the  air  is  lowered  to  corre- 
spond with  the  increase  in  latent  heat  by  evaporation,  while  the  water 
always  remains  at  a  lower  temperature  than  the  partially  saturated 
air. 

18  In  1909,  in  connection  with  a  test  made  upon  a  humidifying 
plant  for  conditioning  tobacco,  similar  phenomena  were  noted.  It 
was  found  that  the  ventilation  of  cool,  dry  tobacco  with  moist  air 
produced  a  rapid  rise  in  temperature  both  of  the  air  and  of  the  tobacco, 
which  rose  to  a  much  higher  temperature  than  the  air. 

19  Dew-Point  Method.  The  dew-point  method  was  first  brought 
into  use  by  Daniels  and  by  Regnault,  and  adopted  by  the  United 
States  Weather  Bureau  in  the  determination  of  the  values  used  in 
their  psychrometric  tables.  The  dew  point  is  measured  directly  by 
observing  the  temperature  at  which  moisture  begins  to  form  upon  an 
artificially  cooled  mirror  surface.  Determination  by  this  method  is 
extremely  delicate  and  when  suitable  precautions  are  taken,  is  con- 
sidered very  accurate.  However,  it  is  questionable  whether  the  true 
dew  point  is  ever  quite  as  low  as  indicated  by  this  method.  The 
temperature  is  usually  taken  by  a  thermometer  placed  in  a  thin 
silver  tube  filled  with  sulphuric  ether  or  other  volatile  liquid,  which 
produces  cold  by  evaporation.  The  temperature  of  the  exterior  of 
this  tube  is  undoubtedly  at  the  true  dew  point,  but  it  is  questionable 
whether  the  thermometer  at  the  center  of  the  tube  registers  this  dew 
point  with  absolute  accuracy.  The  exterior  surface  of  the  tube  must 
often  be  cooled  25  or  even  50  deg.  below  atmospheric  temperature 
in  order  to  reach  the  dew  point. 

20  In  any  case  a  considerable  quantity  of  heat  must  pass  through 
the  tube  to  the  cooling  medium  from  the  external  air  by  convection, 
and  to  a  less  extent  from  external  objects  by  radiation.  The  internal 
resistance  to  the  transfer  of  heat  of  a  thin  plate  of  metal,  forming  the 
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wall  of  the  tube,  is  in  itself  neslisible;  however,  as  any  one  who  has 
studied  the  subject  of  heat  transmission  will  recognize,  the  surface 
resistances  are  appreciable.  On  the  outside,  there  is  the  resistance  of 
the  surface  exposed  to  the  water  vapor  at  low  tension,  and,  on  the 
inside,  the  more  considerable  resistance  of  the  liquid  surface.  There 
is  therefore  every  reason  to  believe  that  the  interior  ether  is  at  a 
slightly  lower  temperature  than  the  exterior  dew  point.  This  con- 
elusion  conforms  with  conditions  demonstrated  by  other  observers 
in  tests  upon  the  temperature  of  the  exterior  of  radiating  or  convect- 
ing  surfaces.  The  extreme  accuracy  of  the  results  obtained  by  the 
dew-point  method  at  high  temperatures  and  low  humidities  would, 
therefore,  seem  greatly  in  question. 

21  Evaporative  or  Psychrometric  Method.  The  evaporative  or 
psychrometric  method  has  not  heretofore,  to  the  writer's  knowledge, 
been  definitely  accepted  as  an  absolute  means  of  moisture  determina- 
tion, but  as  ^vi\\  be  demonstrated,  is  independent  of  and  preferable 
to  all  other  methods  in  scope  and  accuracy.  It  is  of  special  inter- 
est in  relation  to  the  art  of  air  conditioning,  because  the  same  funda- 
mental phenomena  are  involved  and  subject  to  the  same  theory. 
It  is  of  service  not  only  in  the  art  of  air  conditioning,  but  also  a 
departure  in  the  science  of  meteorology.  It  provides  a  method, 
remarkable  for  simplicity  and  accuracy,  for  the  determination  of  the 
specific  heat  of  air,  which  present  methods  have  failed  to  establish, 
within  an  unquestioned  accuracy  of  2  per  cent. 

22  This  method  of  moisture  determination  depends  upon  the 
cooling  effect  produced  by  the  evaporation  of  moisture  in  a  partially 
saturated  atmosphere.  This  is  usually  measured  by  covering  the 
bulb  of  an  ordinary  mercurial  thermometer  with  a  cloth  or  wick 
saturated  wdth  water  and  comparing  its  temperature  with  that  of 
a  thermometer  unaffected  by  evaporation.  The  covered  bulb  is 
termed  the  wet-bulb  thermometer,  and  the  difference  between  the 
wet  and  dry-bulb  readings  is  termed  the  wet-bulb  depression.  The 
temperature  of  the  wet  bulb  is  affected  in  a  measure  by  radiation  from 
surrounding  objects.  It  is  therefore  very  susceptible  to  air  currents 
which  serve  to  increase  the  evaporation  and  therefore  decrease  the 
percentage  of  error  due  to  radiation.  On  this  account,  the  earlier  and 
more  convenient  form  of  hygrometer  using  a  stationary  wet  bulb  is 
very  unreliable,  considerable  correction  being  necessary  for  radiation. 
The  sling  psychrometer  advocated  by  the  United  States  Weather 
Bureau  overcomes  this  error  to  a  great  extent  by  increasing  the  venti- 
lation and  consequent  rate  of  evaporation  to  such  a  degree  that  the 
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heat  received  by  radiation  becomes  a  small  percentage  of  the  total 
heat  transformation. 

23  The  most  reliable  tables  based  on  the  stationary  wet-bulb 
hygrometer  are  those  by  James  Glaisher  (1847)i.  The  tables  of  the 
United  States  Weather  Bureau  based  upon  an  empirical  formula 
deduced  by  Prof.  Wm.  Ferrel  from  simultaneous  determinations  ^^^th 
the  sling  psychrometer  and  the  dew-point  instrument  are  more  reli- 
able, and  are  now  generally  used.  The  limitations  of  this  formula  are 
admitted,  since  it  is  held  to  be  correct  only  over  the  range  of  observa- 
tion from  which  it  was  deduced,  including  simply  temperatures 
below  120  deg.  fahr. 

24  Professor  Ferrel's  formula  as  given  in  the  tables  of  the  United 
States  Weather  Bureau  is 

e=  e'  -  (0.000367  P)    {t  -  t')  (l  +  ^^p) 

where 

e  =  partial  pressure  of  the  moisture  in  the  air,  which  also  = 
vapor  pressure  corresponding  to  the  dew  point 

e'  =  the  vajjor  pressure  corresponding  to  saturation  at  wet- 
bulb  temperature  t' 

P  =  the  barometric  pressure 

t    =  dry-bulb  temperature  in  deg.  fahr. 

f   =   wet-bulb  temperature  in  deg.  fahr. 

25  The  temperature  of  the  dew  point  is  found  by  selecting  the 
temperature  corresponding  to  the  pressure  e,  from  the  temperature- 
pressure  diagram  or  table.     The  per  cent  of  relative  humidity  is 

R  ^  —,  where  e^  is  the  vapor  pressure  corresponding  to  the  dry-bulb 
et 

temperature  t,  as  previously  demonstrated.  The  absolute  humidity 
expressed  in  grains  of  moisture  per  cubic  foot  is  then  determined  by 
multiplying  the  grains  of  moisture  per  cubic  foot  corresponding  to 
saturation  at  dry-bulb  temperature  by  the  per  cent  of  relative  humid- 
ity thus  determined. 

26  The  writer  would  substitute  for  such  an  empirical  formula 
a  rational  one,  having  a  thermodynamic  basis,  that  is,  a  formula 
depending  upon  the  transformation  of  sensible  heat  into  latent  heat 
in  the  adiabatic  saturation  of  dry  air. 

27  Historically,  it  is  of  interest  to  note  in  this  connection,  that 
James  Apjohn^  propounded  in  1836  this  same  theory  of  wet-bulb 

iPhil.  Trans.  Royal  Soc,  1851,  p.  141. 

2  Irish  Academy  Trans.,  vol.  17,  pp.  275-282,  1837. 
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temperature.  However,  he  was  unable  to  establish  the  correctness 
of  his  assumptions,  partly  because  the  data  then  extant  regarding  the 
specific  heat  of  air  and  the  latent  heat  of  water  vapor  were  inaccurate, 
but  more  particularly  because  he  assiuncd  the  temperature  indicated 
b}'  the  stationary  wet-bulb  thermometer  which  he  used,  to  be  the 
true  temperature  of  evaporation,  while  as  a  matter  of  fact,  it  is  con- 
siderably^ higher,  owing,  as  we  have  sho^^^l,  to  the  effect  of  radiation 
upon  the  stationary  wet  bulb, 

28  The  author  first  observed  that  the  wet-bulb  temperature 
given  in  the  psychrometric  tables  of  the  United  States  Weather  Bu- 
reau agreed  substantially  with  the  computed  temperature  at  which 
air  of  a  knoA\Ti  temperature  and  moisture  content  would  become 
saturated  adiabatically,  i.e.,  without  the  addition  or  subtraction  of 
heat.  These  calculations  were  made  by  the  writer  in  1903,  in  deter- 
mining the  moisture-absorbing  capacity  of  air  in  connection  with  the 
fan  systems  of  drying.  Subsequently,  this  relationship  was  still  fur- 
ther investigated  and  thoroughly  established  in  connection  with  the 
system  of  air  conditioning  introduced  by  the  writer. 

29  Tests  upon  progressive  fan-system  dry  kilns  in  1904  disclosed 
the  fact  that  the  wet-bulb  temperature  was  substantially  the  same 
in  all  parts  of  the  kiln  regardless  of  the  drop  in  temperature  due  to 
moisture  absorption,  a  phenomenon  which  logically  results  from  the 
identity  of  the  wet-bulb  temperature  and  the  temperature  of  adia- 
batic  saturation. 

PSYCHROMETRIC    PRINCIPLES 

^  30  The  following  principles  underlie  the  entire  theory  of  the  evapo- 
rative method  of  moisture  determination,  as  well  as  of  air  conditioning : 

(A)  When  dry  air  is  saturated  adiabatically  the  temperature 
is  reduced  as  the  absolute  humidity  is  increased,  and  the 
decrease  of  sensible  heat  is  exactly  equal  to  the  simultaneous 
increase  in  latent  heat  due  to  evaporation. 

(B)  As  the  moisture  content  of  air  is  increased  adiabatically 
the  temperature  is  reduced  simultaneously  until  the  vapor 
pressure  corresponds  to  the  temperature,  when  no  further 
heat  metamorphosis  is  possible.  This  ultimate  temperature 
may  be  termed  the  temperature  of  adiabatic  saturation. 

(C)  When  an  insulated  body  of  water  is  permitted  to  evaporate 
freely  in  the  air,  it  assumes  the  temperature  of  adiabatic 
saturation  of  that  air  and  is  unaffected  by  convection; 
i.e.,  the  true  wet-bulb  temperature  of  air  is  identical  with  its 
temperature  of  adiabatic  saturation. 


1322  RATIONAL    PSYCHROMETRIC    FORMULAE 

31  From  these  three  fundamental  principles  there  may  be  deduced 
a  fourth: 

(D)  The  true  wel-hulb  temperature  of  the  air  depends  entirely 
on  the  total  of  the  sensible  and  the  latent  heat  in  the  air  and 
is  independent  of  their  relative  proportions.  In  other  words, 
the  wet-bulb  temperature  of  the  air  is  constant,  providing  the 
total  heat  of  the  air  is  constant. 

32  A  statement  of  the  experimental  demonstration  of  these  four 
principles  is  given  in  Appendix  No.  2. 

APPLICATION   OF   THE   EVAPORATION    CALORIMETER  TO   THE    DETER- 
MINATION   OF  THE    SPECIFIC    HEAT   OF   AIR 

33  In  consequence  of  the  psychrometric  principles  A,  B  and  C, 
the  moisture  content  of  air  from  accurate  psychrometric  readings 
may  be  easily  computed,  provided  the  required  temperature  is  known, 
as  well  as  the  density  relations  in  a  mixture  of  pure  air  and  saturated 
water  vapor,  and  also  the  exact  latent  heat  of  water  vapor,  and  the 
specific  heat  of  air  and  of  water  vapor  at  any  temperature. 

34  No  novelty  is  claimed  for  this  method  since  the  writer  found, 
while  preparing  this  paper,  that  this  very  means  had  been  proposed 
by  James  Apjohn^  However,  it  does  not  seem  to  have  been  taken 
very  seriously  by  contemporary  scientists  since  it  was  never  properly 
developed.  Moreover,  the  details  of  his  method  were  such  as  to 
make  it  worthless. 

35  Recent  research  into  the  properties  of  water  vapor  has  fully 
established  its  properties  to  a  great  degree  of  exactness,  with  the 
possible  exception  of  the  specific  heat,  which  is  of  minor  importance 
in  psychrometric  calculations.  The  author,  however,  was  surprised 
to  find  upon  investigation  that  the  usual  value  assigned  to  the  specific 
heat  of  air  was  unquestionably  incorrect,  since  it  had  been  definitely 
proved  to  be  variable,  and  not  a  constant  as  assumed  by  Regnault. 
Moreover,  recent  investigators  conducting  their  experiments  with 
modern  apparatus,  supposedly  with  extreme  accuracy,  differed  from 
each  other  by  more  than  3  per  cent,  and  from  the  generally  accepted 
value  of  Regnault,  by  more  than  2  per  cent.  Therefore,  in  order  to 
use  a  rational  formula  in  the  construction  of  accurate  psychrometric 
charts  and  ta])les,  it  becomes  necessary  to  determine  the  specific 
heat  of  air  to  a  much  greater  degree  of  accuracy  than  is  kno^vn  at 
present. 

1  Irish  Academy  Trans.,  vol.  18,  pp.  1-17,  1838. 
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36  At  the  time  of  this  writing,  the  author  is  not  prepared  to  give 
any  definite  data  with  regard  to  such  determinations,  but  will  present 
a  method  employing  the  evaporation  calorimeter  which  apparently 
affords  great  accuracy  and  upon  which  greater  reliance  can  be  placed 
than  upon  previous  methods,  in  all  of  which  the  air  or  other  gas  must 
be  measured  with  precision.  This  measurement,  when  dealing  with 
air  quantities  sufficient  to  give  accurate  determinations,  seems  to 
present  the  chief  difficulty. 

37  In  the  present  method,  on  the  contrary,  no  air  measurement, 
other  than  the  determination  of  its  density  through  temperature  and 
barometric  pressure,  is  required.  It  is,  indeed,  in  this  respect, 
closely  allied  to  the  throttling  calorimeter  method  of  determining  the 
specific  heat  of  steam.  In  other  respects,  however,  it  has  a  great 
advantage  over  that  method  in  that  it  requires  no  subtractive  cal- 
culations sensitive  to  error,  but  equates  the  known  latent  heat  of 
water  vapor,  directly  to  the  unknown  specific  heat  of  air,  the  weight 
of  the  water  vapor  having  a  known  ratio  to  that  of  the  air. 

38  This  method  consists,  first,  in  bringing  a  continuous  supply  of 
air  close  to  saturation,  where  its  moisture  content  can  be  determined 
with  great  accuracy  by  means  of  a  wet  and  dry-bulb  thermometer 
and  applying  the  rational  psychrometric  formula  [3J  assuming  an 
approximate  value  for  the  specific  heat;  second,  in  heating  this  cur- 
rent of  air  of  knowTi  moisture  content  to  any  desired  amount  and 
taking  the  web  and  dry-bulb  readings  as  in  experiment  No.  2,  Appen- 
dix No.  2.  By  applying  the  rational  psychrometic  formula  derived 
in  Pars.  58-67,  we  have 

_r'(W'-W)-C^W  r 


where 


Cpa  =  mean  specific  heat  of  air  of  constant  pressure  between 

temperatures  t  and  t' 
Cpa  =  mean  specific  heat  of  water  vapor  between  temperatures 

t  and  t' 
t      =  temperature  of  the  dry  bulb 
t'     =  temperature  of  the  wet  bulb 
r'     =  latent  heat  of  water  vapor  corresponding  to  t' 
W  =  weight  of  water  vapor  actually  contained  in  1  lb.  of  dry 

air;  i.e.,  it  is  the  ratio  of  the  weight  of  water  vapor  to 

the  weight  of  air  in  the  mixture 
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If  =  weight  of  water  vapor  contained  in  1  lb.  of  dry  air  at 
saturation  at  temperature  t' 

W'=^- [41 

P  —  e 

where 

*S     =  specific  weight  of  water  vai^or 

P    =  barometric  pressure 

e'     =  vapor  pressure  at  t' 

39  The  apparatus  for  this  determination  is  shown  in  Figs.  5 
and  6.  Two  fans  are  required.  Fan  No.  1  draws  the  air  through 
moist  sponge  A.  The  air  in  passing  through  the  fan  rises  in  tem- 
perature so  that  it  is  desirable  to  saturate  it  further  by  passing  it 
through  a  moist  sponge  filter  B.  The  wet  and  dry-bulb  temperatures 
of  the  air  are  then  taken  with  thermometers  1  and  2.  These  readings 
should  be  practically  identical  so  that  error  in  calculating  the  true 
dew  point  is  negligible.  The  air  is  then  heated  by  passing  it  through 
an  electric  heater  provided  with  a  rheostat  for  regulating  the  tempera- 
ture. Thence  it  is  blown,  still  under  slight  pressure,  into  fan  No.  2, 
where  it  is  thoroughly  mixed  and  the  pressure  slightly  increased. 
After  the  air  passes  through  the  second  fan,  the  wet  and  dry  tempera- 
tures are  taken  in  the  manner  previously  described,  except  that  the 
greatest  i^recaution  is  exercised  in  the  construction  of  the  air  passage 
to  avoid  radiation  from  the  thermometer  bulbs.  A  differential 
gage  is  comiected  between  chambers  2  and  3.  Care  is  taken  in  regulat- 
ing the  pressures  of  the  fans  and  in  the  damping  of  the  discharge  to 
keep  the  differential  gage  at  zero,  so  that  there  will  be  the  same  pres- 
sure of  air  on  both  thermometers.  This  pressure  is  measured  by  a 
second  draft  gage  D2,  and  a  third  draft  gage  Dz,  is  connected  to  the 
second  fan  inlet  where  it  is  essential  that  the  pressure  be  maintained 
above  atmospheric  so  that  any  leakage  occurring  in  the  apparatus 
will  be  outward.  Pitot  tube  and  differential  gages  are  used  to  deter- 
mine the  velocities  on  the  thermometers. 

40  The  accuracy  of  this  method  is  apparently  limited  only  by 
the  accuracy  of  the  thermometers.  Wet-bulb  depressions  between 
20  and  50  deg.  may  be  used  to  advantage,  and  the  determinations 
should  be  accurate  to  at  least  jV  of  1  per  cent. 
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DERIVATION    OF   A    RATIONAL    PSYCHROMETRIC    FORMULA 

41  As  already  pointed  out,  it  is  possible  to  derive  a  rational  psy- 
chrometric  formula  based  on  the  fundamental  principles,  A,  B  and 
C. 

42  In  considering  the  interchanges  of  heat  occurring  in  psychro- 
nietric  phenomena,  it  is  essential  to  consider  primarily  the  relative 
weights  of  dry  air  and  of  water  vapor  rather  than  the  usual  density- 
temperature  relationship;  that  is,  it  is  necessary  to  express  moisture 
content  as  weight  of  water  vapor  per  pound  of  pure  air,  rather  than  as 
weight  of  water  vapor  per  cubic  foot  of  space.  Moreover,  this  rela- 
tionship is  much  more  adaptable  to  all  of  the  usual  calculations  in 
air  conditioning  and  in  meteorology.  The  author,  accordingly,  has 
constructed  all  his  formulae  and  psychrometric  charts  upon  this  basis. 
In  the  deduction  of  the  formulae  and  in  the  construction  of  the  accom- 
panying charts,  the  following  fundamental  data  were  employed: 

a  Standard  barometric  pressure  =  29.92  in.  mercury  =  14.6963 

lb.  per  sq.  in.  =  2116.3  lb.  per  sq.  ft. 
h  Absolute  temperature  =  t  +  459.62  deg.  fahr. 
c  B.t.u.  = 

heat  required  to  raise  1  lb.  of  water  from  32°  to  212° 
180 
d  Mechanical  equivalent  of  heat  =  777.52  ft-lb. 
e  Specific  volume  of  air  =  weight  of  1  cu.  ft.  of  pure  air  at 

32  deg.  fahr.  and  29.92  in.  barometric  pressure  =  0.080728 

lb.  per  cu.  ft.     Therefore  |^  =  53.35 

/  Instantaneous  specific  heat  of  air^ 

Cpa  =  0.24112  +  0.000009  t  deg.  fahr. 
g  Vapor  pressure,   Holborn  and  Henning's  modification   of 

the    Theisen    formula    {t  +  495.6)    log     .^  „    =    5.409 

{t  -  212)  -  3.71  X  10-i«  [(689-0' -(477)4],  ^s  calculated 
in  tables  of  Marks  and  Davis  (1909) 
h  Specific  volume  of  steam  as  calculated  in  steam  tables  of 
Marks  and  Davis^  (1909) 

1  Harvey  N.  Davis..  Trans. Am. Soc.M.E.,  vol.  30,  p.  750,  1908. 
=  W.  F.  G.  Swann,  Phil.   Trans.   Royal  Soc,  series  A,  vol.  210,  pp.  199-238, 
1909. 
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i  Latent  heat  of  water  vapor^ 

r  =  141.124  (689  -  t)  0.31249  {t  =  deg.  fahr.) 

r=  109.16-  0.56  deg.  fahr. 

(approximately  between  40  and  150  deg.  fahr.) 

j  Instantaneous  specific  heat  of  water  vapor  (approximately) 
Cps  =  0.4423  +  0.00018  t  deg.  fahr. 

k  Specific  weight  of  water  vapor  at  saturation  for  any  pres- 
sure and  temperature 


S  = 


specific  volume  of  air 


specific  volume  of  steam 

43     "With  resjiect  to  the  reliability  of  these  data,  those  on  the  latent 
heat  of  steam   may  be  accepted  as  absolute   within  0.1   per   cent, 
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Fig.  7    Specific  Heat  of  Nitrogen 

since  the  agreement  of  recent  investigators  seems  to  have  established 
the  present  values  beyond  question.  Strange  to  say,  however,  the 
specific  heat  of  air,  as  already  pointed  out,  has  not  been  established 
with  accuracy  within  2  per  cent.  Regnault  gives  it  as  a  constant, 
Cp  =  0.2375,  and  this  value  has  generally  been  accepted.  However, 
Holborn  and  Henning,  whose  valuable  determinations  in  steam  are 
well  known,  have  demonstrated  it  to  be  a  variable.  For  nitrogen 
they  give  a  value  C  {o  -  t)  =  0.2350  +  0.000019  t  (t  in  deg.  cent.), 
a  straight-line  relationship,  although  for  superheated  vapors  they 
find  equations  of  a  higher  degree.  The  plot  of  their  values  for  C  for 
nitrogen,  as  shown  in  Fig.  7,  lacks  considerable  uniformity.  So  far  as 
the  points  given  are  concerned  they  do  not  seem  to  warrant  assuming 
a  straight-line  relationship.  Their  points  would  seem  to  indicate 
rather  a  curve  with  considerably  greater  values  at  lower  temperatures 

iC.  H.  Peabody,  Trans. Am. Soc.M.E.,  vol.  31.  p.  334,  1909. 
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than  siven  by  their  Une.  If  their  values  were  accepted  at  atmospheric 
temperatures  we  would  have  a  specific  heat  for  air  considerably  lower 
than  that  given  by  Regnault,  while  psychrometric  evidence  seems 
to  indicate  that  it  should  be  considerably  higher  at  such  tempera- 
tures. The  most  reliable  of  recent  determinations  would  seem  to 
be  that  of  W.  F.  G.  Swann.^  In  his  paper  he  points  out  a  defect  in 
the  method  of  Regnault  which  would  account  for  the  latter's  value 
being  too  low.  The  values  given  by  Swann  have  therefore  been 
adopted  in  this  paper;  although  they  appear  still  to  require  confirma- 
tion, since  there  would  seem  to  be  considerable  opportunity  for  error 
in  the  method  of  air  measurement  used  in  his  experiments. 

44  The  equation  given  for  the  specific  heat  of  steam  at  low  tem- 
peratures seems  to  agree  fairly  well  mth  modern  experimental  data. 
Extreme  accuracy  is  not  pretended,  nor  is  this  essential  at  lower 
temperatures,  since  under  150  deg.  the  total  heat  value  of  the  air 
is  affected  only  2  per  cent  at  most  by  the  specific  heat  of  the  water 
vapor.  The  values  given  by  this  equation,  however,  are  undoubtedly 
more  nearly  correct  at  lower  temperatures  than  the  usual  value, 
C  =  0.48. 

45  The  psychrometric  charts,  Figs.  1  and  2,  are  constructed 
accurately  from  the  foregoing  data.  Fig.  2  exhibits  all  psychrometric 
relationships,  between  the  temperatures  of  20  deg.  and  350  deg.  and 
saturation  temperatures  up  to  143  deg.  Fig.  1  gives  the  same  values 
between  temperatures  20  deg.  and  110  deg.  and  saturation  tempera- 
tures to  95  deg.  These  charts  are  here  shown  to  a  greatly  reduced 
scale.  In  its  original  form,  Fig.  1  permits  the  reading  of  both  the 
wet  and  dry-bulb  temperatures  to  an  accuracy  of  0.1  deg.  and  of 
the  moisture  weight  per  pound  of  air  to  0.2  grains.  All  calculations 
have  been  made  with  accuracy  to  five  significant  figures  by  means 
of  a  Thatcher  slide  rule. 

SATURATION    CURVE 

46  The  saturation  curve,  Fig.  2,  expressed  in  grains  of  moisture 
per  pound  of  air,  was  computed  from  the  formula 


5284  (i  +  459.64)  D, 

Lr  = 

where 


^,  _  b'Zb^  {t  -\-  40^.04;  Ua  rgl 

P  —  e 


G=  grains  of  moisture  per  lb.  of  pure  air  at  saturation 
t  =  temperature  of  saturation  in  deg.  fahr. 
1  Pliil.Trans.Royal.Soc,  series  A,  vol.  210,  pp.  199-238,  1909. 
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t  +  459.64  =  absolute  temperature 

Z)g=  density  in  lb.  per  cu.  ft.  of  saturated  water  vapor  at  tem- 
perature t 
=  reciprocal  of  specific  volume  of  steam 
P  =  29.92  =  assumed  standard  of  barometric  pressure  in  in. 

of  mercury 
e  =  vapor  pressure  of  saturated  water  vapor 
5284  =  constant  of  the  equation 
The  derivation  of  equation  [5]  is  given  in  Appendix  No.  3. 


TABLE  1    SPECIFIC  WEIGHT  OF  STEAM 
£3.35  «  +  459.6)   D, 


144  X  0.4908  B 


t 

e 

Os 

S 

Corrected 

Corrected 

Grains 
Moisture 
per  cu.  ft. 

40 

0.2477 

0.000410 

0.6245 

0.6228 

0.0004089 

2.8023 

50 

0.3625 

0.000587 

0.6230 

0.6231 

0.0005871 

4.1697 

60 

0.5220 

0.000828 

0.6221 

0.6233 

0.0006296 

4.4072 

70 

0.7390 

0.001148 

0.6212 

0.6236 

0.0011524 

8  0668 

80 

1.0290 

0.001570 

0.6217 

0  6239 

0.0015755 

11.0285 

90 

1.4170 

0.002130 

0.6237 

0.6242 

0.0021320 

14.9240 

100 

1.9260 

0  002851 

0.62525 

0.6246 

0.0028482 

19.9374 

110 

2.5890 

0.003766 

0.6255 

0  6250 

0.0037630 

26.3410 

120 

3.4380 

0.004924 

0.62665 

0.6254 

0  0049140 

34.3980 

130 

4.5200 

0.006370 

0.6273 

0.6260 

0.0063570 

44.4990 

140 

5.8800 

0.008140 

0.6266 

0.6266 

0.0081400 

56.9800 

150 

7.5700 

0.010320 

0.6280 

0.6273 

0  0103100 

72.1700 

160 

9.6500 

0.012960 

0.6282 

0.6280 

0.012956 

90  6920 

170 

12.200 

0.016140 

0  6288 

0  6288 

0.016140 

112  9800 

180 

15.290 

0.019940 

0.6296 

0.6296 

0.019940 

139.5800 

190 

19.020 

0.024440 

0.6301 

0.6307 

0  024465 

171.2550 

200 

23.47 

0.029760 

0.6313 

0.6316 

0.029780 

208.4600 

47  The  specific  weight  of  saturated  Avater  vapor  is  not  constant, 
but  varies  with  the  temperature  of  saturation  and  may  be  calculated 
from  equation  [1].  The  theoretical  value,  computed  from  its  molec- 
ular weight,  assuming  it  to  be  a  perfect  gas,  is  0.6221.  This  is  the 
assumption  made  in  the  computation  of  the  i)sychrometric  tables 
published  by  the  United  States  Weather  Bureau,  which  are  inaccurate, 
therefore,  in  proportion  to  the  variation  of  »S  from  this  theoretical 
value.  The  actual  values  for  the  specific  weight  of  water  vapor  afc 
various  saturation  temperatures,  computed  from  equation  [35]  are 
given  in  Table  1. 
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48     The  specific  weight  of  water  vapor  may  also  be  given  independ- 
ent of  tlie  density  as 

N  =  0.6221  +  0.001815  V7-\-  0.0000051  V^ 
Hence 

„      7000   (0.6221e+  0.00182  l/^+  0.0000051  V^) 

P  —  e 

At  atmosi)heric   teni))erature  the  term  0.0000051  ^|  e^  is  negligible. 
.  Hence 

7000  (0.6221e+  0.00182  V"^) 


G  = 


P  -e 


70 

t 
3fl 

\ 

\ 

'^'^V 
^*i/^ 

V 

^ 

V 

^ 

Dry  bulb 

Fig.  8    Specific  Weight  of  Steam 


CONSTRUCTIONS    OF    ADIABATIC    SATURATION    LINES 

49  As  shown  in  Par.  30  any  adiabatic  change  involving  moisture 
content  and  temperature  of  air  may  be  expressed  by  equating  the 
change  in  total  specific  heat  to  the  corresponding  change  in  latent 
heat.  It  may  also  be  expressed  by  equating  the  total  heat  contained 
in  the  air  in  the  state  resulting  from  adiabatic  change.  By  either 
of  these  two  methods,  given  in  Appendix  No.  4,  the  relations  of 
formula  [6]  are  established. 

r'{yv'-w)  =  c^At-t')  +  C^,W{t-t') [6] 

in  which 

{t—t')  =  i\ie  true  wet-bulb  depression 
{W—  W)  =  the  moisture  absorbed  per  lb.  of  pure   air  when  it   is 
adiabatically  saturated  from  an  initial  dry-bulb  temper- 
ature to  and  an  initial  moisture  content  W 
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Cpa,  =  mean  specific  heat  of  air  at  constant  pressure  between 

temperature  t  and  f 
Cpa  =  specific  heat  of  steam  at  constant  pressure  between  t 

and  t' 
r'=  latent  heat  of  evaporation  at  wet-l)ulb  temperature  t' 

Knowing  any  two  of  the  three  important  values  of  t,  t'  or  W,  we  may 
solve  for  the  third  or  for  any  other  required  relation. 

50  Deter7nination  of  Weight  of  Moisture  in  1  Lb.  of  Pure  Air, 
having  a  Dry-Bulb  Temperature  t  a7id  Wet-Bulb  Ternperature  t' . 
To  determine  the  equation  of  the  adiabatic  line  corresponding  to 
a  given  saturation,  or  true  wet-bulb  temperature  t' ,  and  dry-bulb 
temperature  t,  we  have  from  equation  [6] 

[r'+  Cp3  {t  -  t')\W=  r'W'-  Cp,{t-t') [7] 

r'W'-CpAt-t') 
r'  +  Cpa{t-t')      ^""^ 

51  The  diagonal  adiabatic  lines  in  the  charts,  Figs.  1  and  2, 
representing  saturation  or  wet-bulb  temperatures,  are  calculated 
from  this  formula.  It  should  be  observed  that  they  would  be  per- 
fectly straight  if  it  were  not  for  the  element  Cps  {t—t'),  which  produces 
a  slight  curvature,  becoming  more  pronounced  at  higher  saturation 
temperatures.     The  dew  point  ^i  corresponds  to  W  on  the  saturation 

dW  C 

curve.     The  slope  of  these  lines,  neglecting  Cpa  (i—i{')>  is    , —  =  — -^. 

This  will  always  give  the  intercept  t  for  W=0. 

52  Wet-Bulb  Depression  and  Cooling  Effect.  The  wet-bulb  depres- 
sion or  cooling  effect  obtained  by  having  t  and  W  loiown  is 

r'(W'-W)  r 

Cpa  +  Cpa  TF '   ■■ 

and 

!-t'    I    -'(W'-W) 

53  Having  t  and  W  known,  t  cannot  be  calculated  except  by  relat- 
ing W  to  t  by  an  empirical  equation.  By  referring  to  the  psychro- 
metric  charts,  Figs.  1  and  2,  constructed  chiefly  for  that  purpose,  t 
is  conveniently  determined.  The  cooling  effect  (t—t'),  to  be  obtained 
by  saturating  air  of  known  temperature  and  moisture  content,  is 
likewise  obtained  from  the  chart. 
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54  Moisture- Absorbing  Capacity  of  Air.  For  determining  tlie 
moisture-absorbing  capacity,  or  moisture  deficit  of  air,  having  a 
known  temperature  and  moisture  content,  we  have  per  pound  of 
pure  air 


(W'-  W)  =   '^^P^  +  ^Pa  ^^^    (^  ~  ^'^ 


'"1 

55  Per  Cent  Adiabatic  Saturation.     The  per  cent  of  adiabatic  satur- 
ation is 

TF  ^     r'W'-C^At-t') 

W      r'W'-Cpsit-t')W' ^^^ 

or  if  we  neglect  Cpg  (t  -  t')  W 

]Y'       ^       ^p^   r'W    ^  ^ 

56  Specific  Heat  of  Air.  The  equation  for  the  experimental  deter- 
mination of  the  specific  heat  of  air  by  the  evaporative  method  is 

_  r'  (W'-  W)  -  Cp3  a  -  t')  .^^. 

^"^  (T-^O  ^^^J 

57  For  engineering  purposes  however,  it  is  preferable  to  deter- 
mine any  unknown  value  directly  from  the  psychrometric  charts, 
which  afford  to  a  great  degree  of  accuracy  a  simple  graphic  solution 
of  any  problem  of  psychrometry. 

DERIVATION    OF   THE   RATIONAL   PSYCHROMETRIC    FORMULA    FOR  VAPOR 

PRESSURE 

58  The  present  empirical  psychrometric  formula  in  use  by  the 
United  States  Weather  Bureau  was  first  deduced  by  Professor 
Ferrel,^  while  the  constants  of  the  formula  were  deduced  from  a  series 
of  experiments  by  Professor  Marvin  and  Prof.  H.  A.  Hazen.  The 
error  in  Broch's  and  Regnault's  values  for  vapor  pressures  which 
they  adopted  alone  would  require  its  revision.  Moreover,  the  oppor- 
tunity for  error  in  their  methods  has  already  been  pointed  out. 
However,  considering  the  difficulties  of  their  experimental  method 
and  the  correction  necessary  for  radiation  in  the  wet-bulb  reading, 
the  results  obtained  are  remarkable  for  consistency  and  accuracy. 
There  are  errors  in  the  form  of  the  equation,  however,  as  well  as  in 

1  .Vnnual  Report ,  Ch.  Signal  Officer,  1886,  Appendix  24,  pp.  233  259. 
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the  constants  employed,  which  make  its  inaccuracy  more  pronomiced 
at  lower  humidities  and  at  the  higher  temperature.  At  very  high 
temperatures  used  in  mechanical  drying  it  is  entirely  inoperative. 

59  The  need  of  an  accurate  rational  psychrometric  formula  for 
vapor  pressures  using  modern  data  is  therefore  apparent.  The 
required  values  could  be  obtained  indirectly  from  the  formula  already 
given,  but  computation  is  facilitated  by  another  derivation  giving 
directly  the  vapor  pressure  e. 

60  In  equation  [8] 

^,  _  r'  W  -  Cpa  {t  -  t') 

r'  +  Cp3  (i  -  /') 

let  i  be  the  dew  point  corresponding  to  W ,  and  e  the  vapor  pressure 
corresponding  to  W  in  in.  of  mercury.     Referring  to  equation  [5] 


M'  = 


F  -  e 


by  substitution 


P  -  e 


S'e' 
P-e 


7)-  C^Ai-tO 


Solving  for  e 


e=P 


S'eY-  (P-e')C^^(t-t') 
{P-e')  [r'-^Cpsit-t') 


.[151 


S,iP-e')  [r'+C^Ai-t')]  +  [S'eY-  {P-e')  C^At-t')] 


[16] 


{P-e')  [r'+Cps(i-n] 

Assuming  S'e  =  SiCi,  this  simplifies  to 

^                 S'e'r'-  iP^e')  C^^t  -tj           1 
^         [s,Pr'+{S,C^,-Cj  {P-e')  {t-t')\ ^^^^ 

At  100  cleg. 

Si  Cps  -  Cpa  =  [(0.623  X  0.46)  -  0.242]  =  0.033 [18] 

Therefore  the  value  —e  {SiCps  —  Cpa)  {t—t')  is  ordinarily  negligible. 
Hence  we  have 

S'e'r'  -  Cpa  {P  -  e')  {t  -  t') 


Sr'i-{S,Cps-C^,){t-t') 


.fl9] 


61  By  comparison  it  will  be  found  that  the  difference  between 
,SV'  and  *SV'  +  {Si  Cps  -  Cpa)  {t-t')  is  negligible.  Hence  it  may  be 
assumed 
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e=  e 


S'R' 


.[20] 


For  r'  may  be  substituted  the  approximate  value  r'  =  1091. G  —  0.56  t' 
and  for  S'  the  value  S'  =  0.0215  +  0.000034  t'  (approximately). 
Hence 


e  =  e  —  ,--, 


C^AP-e')  (t-f) 


(0.6215  +0.000034 O  (1091.6  -  0.56  0 

,      Cpa  (P  -  eO  {i  -  t') 
e  =  e  — 


[21] 


678.4  -  0.30in' 


.[22] 


TABLE  2     COMPARISON    OF    NEWLY    DETERMINED    PSYCHROMETRIC    VALUES 
WITH  OLD  UNITED  STATES  WEATHER  BUREAU  VALUES 


Water  Vapok  Contained  in  1  Lb.  of  Pure  Air  for 
Wet  Bulb  op  60  Deq.  Faur.  and  Dry  Bulb  of  t 
FROM  U.  S.  Weather  Bureau  Formdl.e 


Water  Vapor  Actually  Contained  in 
1  Lb.  of  Pure  Air  for  Wet  Bulb  op 
60  Deg.  Fahr. 


t 

t  —  t' 

e 

70 

10 

0.4053 

75 

15 

0.3495 

80 

20 

0.2936 

85 

25 

0.2380 

90 

30 

0.1820 

95 

35 

0  1260 

100 

40 

0.0700 

105 

45 

0.0145 

Grain 

29.92  -  e     per  Lb. 
Air 


Per 
Cent 
Error 


29.515 
29.570 
29.626 
29.682 
29  738 
29  794 
29.850 
29  905 


51.5 
43  1 
34.9 
26.6 
18  4 
10.2 
2.11 


0.0205 
0.0280 
0.0388 
0.0546 
0  0808 
0.1236 
0  2200 
0.5960 


70 
75 
80 
85 
90 
95 
100 
105 


t-t' 

^ps 

^pa 

10 

0.4540 

0.24170 

15 

0.4544 

0  24172 

20 

0.4549 

0.24175 

25 

0.4553 

0  24177 

30 

0.4558 

0.24179 

35 

0.4562 

0.24181 

40 

0.4.567 

0  24184 

45 

0.4571 

0.24187 

Giaia 

per  Lb. 
Air 


61.06 
52.98 
44.84 
36.915 
28.934 
20  995 
13.082 
5.220 


e  =  e'- 0.000367  P  (<-«')    (    1  + 
e  X  0.6221  X7000 


t'  -  32\ 
1571    / 


G  = 


29.92 -e 


t  =  dry-bulb  temperature,  deg.  fahr. 


G'  =  77.32  grain.s  per  lb. 
t'  =  60  deg.  fahr. 
r'=  1057.8 
Cpg  =0.4423  +  0.00018  <,j^ 


G'r'-7000C_,-  U-t') 


and  if  Swann's  value  of  0.24112  +  0.000009  t  is  accepted  for  the  value 
of  Cpa  as  in  the  charts, 

,     {P-e'){t-t') 


2803  -  1.329  t' 


.[23] 


This  equation  has  been  carefully  tested  by  comparing  with  values 
of  the  psychrometric   coefficient  as  determined  by  means    of  the 
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charts  as  shown  in  Table  2  and  Fig.  9.  This  shows  thiit  it  is  permissible 

1  1 

to    use  „T;;rr r^rr,  as   the  coefficient  instead  of 


giving 


2800  -  1.3  ^' 


2803 


e  =  e  — 


{P-eUt-j:) 

2800- 1.3 «' 


1.329  t' 
....[24] 


6 

J 

c 

D 

\ 

\ 

\ 

U-tj 

_    0314 
V 

\ 

1 

\ 

c 
1 

1 

^ 

\ 

k. 

'^^^ 



« 

1^  ' 

-© 

_    _  1000  3000 

VeloC'i'Y    in   feft  per   mm 

Fig.  9    Relation  of  Grains  of  Moisture  from  Government  Tables 
TO  Grains  Actually  Contained 


Z780 

£740 

■^ 

o 

"~-^ 

c 

"" 

e 

■^ 

^ 

•-^ 

^ 

0? 

dSBO 

^ 

^540 

Temperature 

Fig.  10    Radiation  Error  in  Wet  Bulb  of  Sling  Psychrometer 


This  formula  will  give  values  of  e  for  all  wet  and  dry-bulb  temjiera- 
tures  and  all  barometric  pressures  with  an  error  of  less  than  0.5  per 
cent,  assuming  the  chosen  value  of  Cpa  to  be  correct. 
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62  This  equation  should  be  used  where  the  true  wet-bulb  tempera- 
ture is  obtained  as  in  the  aspiration  psychrometer.  With  the  sling 
psychrometer  a  correction  must  be  made  for  the  error  in  depression 
due  to  radiation  and  stem  correction.  By  referring  to  Fig.  10  showing 
the  per  cent  of  radiation  error,  it  is  seen  that  this  is  inversely  propor- 
tional to  the  velocity.  It  is  also,  of  course,  greatly  affected  by  the 
conditions  of  exposure,  i.e.,  whether  it  is  surrounded  on  all  four  sides 
by  bodies  at  the  temperature  of  the  dry  bulb,  or  only  partly  by 
bodies  of  that  or  a  different  temperature.  The  effect  of  radiation  out- 
side of  an  enclosure  may  be  assumed  to  be  approximately  one-half  of 
that  within  an  enclosure. 

64  A  sling  psychrometer  15  in.  in  length  is  ordinarily  revolved 
between  150  and  225  r.p.m.  giving  a  velocity  between  1200  and  1800 
ft.  per  min.  This  will  give,  according  to  Fig.  10,  a  radiation  error  of 
2.6  to  1.75  per  cent  within  an  enclosure,  and  1.3  to  0.9  per  cent  with- 
out an  enclosure.  Hence  an  average  radiation  error  of  1.6  per  cent 
of  the  wet-bulb  depression  may  be  arbitrarily  assumed.  The  wet- 
bulb  depression  given  by  the  sling  psychrometer  may  be  corrected  by 
this  amount  to  give  the  true  depression,  which  may  be  used  in  the 
foregoing  psychrometric  formula,  or  the  formula  itself  may  be  modified 
to  allow  for  this  error. 

65  If  this  formula  is  corrected  for  1.6  per  cent  radiation  error 

,=  ,^_(^-4(^-^)  [25] 

'      '        2755 -1.28^'    ^     ^ 

for  the  sling  psychrometer. 

66  Using  the  true  wet-bulb  depression  in  formula  [24],  letting  e^ 
be  the  vapor  pressure  corresponding  to  saturation  at  the  dry-bulb 
temperature  t 

R=L=.'L^   (P-^'Ht-f)  [26] 

62       e'       (2800  -  1.3  0  62 

for  the  per  cent  of  relative  humidity. 

67  Let  W  be  the  grains  of  moisture  per  cu.  ft.  at  any  vapor  pres- 
sure e,  and  W^,  grains  per  cu.  ft.  at  62;  then 

W  =  {RW2)  =  -[e-    2800  ^1:3  f  \ ^^^^ 

also 

--m^-'. '-' 

where  W,  is  the  grains  of  moisture  per  cu.  ft.,  corresponding  to  the 
dew  point  at  vapor  pressure  e. 
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EFFECT   OF   CHLINGE    IN    BAROMETRIC    PRESSURE 

68  Suppose  that  air  in  wliich  the  vapor  pressure  is  eo  is  com- 
pressed from  a  barometric  pressure  Po  to  a  barometric  pressure  P, 
then  the  partial  pressure  of  both  the  air  and  the  vapor  are  increased 

eo  P 
proportionaUy   and   e  =  — — .     The   temperature   corresponding   to 

Po 

saturation  at  e  is  the  temperature  of  the  dew  point  at  pressure  P. 

69  The  per  cent  of  isothermal  saturation  becomes 

^=  (-)  =  -#   =  %^    t29] 

^  62/  €2    Po  Po 

where  eo  is  the  saturated  vapor  pressure  corresponding  to  the  dry- 
bulb  temperature  t. 

TOTAL   HEAT    CURVE 

70  This  curve  shows  the  sensible  heat  in  the  air  above  a  base 
temperature  of  0  deg.  fahr.,  plus  the  latent  heat  contained  in  the 
water  vapor  at  saturation,  but  not  including  the  heat  of  the  liquid. 
Since  the  wet-bulb  temperature,  or  adiabatic  lines  contain  all  points 
having  the  same  total  heat  (neglecting  heat  of  liquid),  the  curve 
serves  to  determine  the  total  heat  in  the  air  under  any  and  all  condi- 
tions rejDresented  by  the  chart.  This  is  of  great  convenience  in  cal- 
culating refrigeration  required  to  cool  and  de-humidify  air.  For 
example,  suppose  it  is  required  to  find  the  refrigeration  necessary  to 
cool  1  lb.  of  air  containing  98  grains  of  moisture  and  having  a  dry- 
bulb  temperature  of  95  deg.,  to  a  final  temperature  of  40  deg.  satu- 
rated. We  find  from  the  chart  that  the  wet-bulb  temperature  is  75 
deg.  The  total  heat  corresponding  to  a  saturation  temperature  of 
75  deg.  is  37.8  B.t.u.,  while  the  total  heat  at  40  deg.  is  15.3  B.t.u. 
The  difference,  22.5  B.t.u.  is  the  refrigeration  required  per  pound  of 
air. 

The  author  wishes  to  acknowledge  his  indebtedness  to  his  assistants,  Mr. 
Theodore  A.  Weager  and  Mr.  Frank  L.  Busey,  for  the  actual  work  of  com- 
putation and  the  construction  of  the  diagrams. 


APPENDIX  No.  1 

PROOF  or  FORMULA  [1] 

Ci  D2 

Per  cent  humidity  =  "t"  =  777 

6  2  D  2 

71  In  this  formula  eiisthepressureof  saturated  vapor  corresponding  to  the 
dew  point  Ti,  and  e'2  is  the  vapor  pressure  at  saturation  corresponding  to  tem- 
perature T2.     It  also  follows  that 

A  =  D'2  X  -^ 
€2 


At  constant  pressure 


Also  if  it  is  assumed  - — -  is  constant,  i.e.,   ——is  constant  for  saturated  water 
T  '        '  DT 

vapor  (not  exactly  correct), 


Ci  62 


Therefore 


A  Tx      D'2T2 
ei       Z)i  Ti 


e'2      D'2  T2 
But  substituting  D2  for  its  value  in  [30] 
ei        D: 


[31] 


,  per  cent  of  isothermal  saturation. 

62       D  2 
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APPENDIX  No.  2 

EXPERIMENTAL     DEMONSTRATION     OF     THE     FOUR    PSYCHROMETRIC    PRINCIPLES 
GIVEN   IN    PARS.   30   AND   31 

72    While  the  four  psychrometric  principles  might  be  all  logically  surmised, 
experimental  demonstration  is  desirable.     A  calorimetric  method  was  devised 


Fig.  11     General  View  of  Apparatus 


by  tiie  nuthor  for  this  purpose  and  also  to  determine  the  jirobable  error  of  the 
indications  of  the  wet  bulb  in  the  sling  psychrometer  due  to  radiation. 

73  The  apparatus  used  is  shown  in  Figs.  11,  12  and  13.  Air  was  supplied 
by  fan  .1  at  slight  pressure  to  the  wooden  air  duct  B,  from  which  it  escaped 
through  the  orifice  C,  and   through  the  tube  D,  in   which   the  wet-bulb  calo- 
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rimeter,  Figs.  11  and  12,  was  used  in  different  experiments.  A  differential 
draft  gage  and  pitot  tube  indicated  the  velocity  of  the  air  through  the  orifice 
and  over  the  wet-bulb  thermometer  No.  4. 

74  This  velocity  could  be  varied  any  desired  amount  between  1000  and  4000 
ft.  per  min.  by  adjustment  of  the  motor  rheostat.  It  was  found  that  the  static 
pressure  in  the  box  agreed  substantially  with  the  velocity  head  at  the  ther- 
mometer bulb  so  that  no  further  measurements  of  the  former  were  recorded. 
Thermometer  No.  1  indicated  the  dry-bulb  temperature  of  the  air  in  the  box, 
thermometer  No.  2,  the  drj^-bulb  temperature  of  the  air  outside,  and  thermom- 
eter No.  3,  the  calorimeter  temperature.  Thermometers  Nos.  3  and  4  were 
calorimeter  thermometers  especially  constructed  for  this  test  by  the  Taylor 


Wood^ 


Blower^ 


s 


3 


Motor 


Dry  5ulb 

C  Thermometer'^ 


F 


Eiss^^^s^sss: 


Calorimeter^      \2A 


Wef  Bulb 
Thermc  meter 


J 


Double  Vacuum  Chamber^ 
Room  Thermometer^'- 


/Thermometer  support 
Mck 


Section  A-B-C-D 
Fig.  12    Plan  and  Elevation  of  Apparatus 


Fig.  13    Detail  of  Calorimeter 


Instrument  Company.     They  were  in  the  fahrenheit  scale,  graduated  to  tenths 
of  a  degree,  and  calibrated  to  ^^^  deg.     They  were  also  carefully  compared. 

75  Experiment  No.  1.  This  test  was  made  in  order  to  determine  the  effect  of 
an  air  blast  of  known  intensity  upon  the  readings  of  thermometers  No.  3  and 
No.  4.  The  need  of  the  determination  was  evident  as  the  velocities  were  not 
necessarily  the  same  upon  the  two  bulbs  nor  in  the  same  relative  direction. 
Moreover,  it  was  evident  that  a  portion  of  the  heat  of  the  air  was  converted 
into  mechanical  energy  of  the  air  current;  also  that  a  portion  of  this,  at  least, 
was  re-converted  into  heat  by  impact  on  the  bulb.  This  temperature  error, 
if  any,  would  be  proportional  to  the  velocity  head;  therefore  a  maximum  condi- 
tion of  1-in.  velocity  head  and  static  pressure  were  taken.  Botli  thermometers 
and  the  calorimeter  were  perfectly  dry.     The  apparatus  was  run  under  constant 
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conditions  for  1  hour  previous  to  the  test.     Consecutive  readings  were  taken 
of  marked  uniformity,  and  the  average  results  are  given  in  Table  3. 

76    The  actual  calculated  drop  in  temperature  due  to  1-in.  air  blast  under 
the  above  conditions  is 


D  =  (82.7  +  459.6) 


1  - 


397 

398 


0.2P 


=  0.38  deg.  +. 


[32] 


77  It  will  be  noted  that  thermometer  No.  3  read  0.047  lower  than  No.  4  at  1  in 
pressure.  However,  at  a  wet-bulb  temperature  of  70  deg.,  1  deg.  in  the  temper- 
ature of  the  dry-bulb  produces  only  0.3  deg.  increase  in  wet-bulb  temperature; 

dt' 
i.e.,  -jj  —  0.30.     Therefore  at  1  in.  pressure  the  error  would  be  0.014  and  at 

I  in.  pressure  0.0035.     Hence,  in  any  case,  the  correction  would  be  negligible. 

TABLE  3    EFFECT   OF  AIR   BLAST   OF   KNOWN   INTENSITY  ON    READINGS  OF 
THERMOMETERS  NO.  3  AND   NO.  4 


Thermometers 

Temperature  Differences 

No.  2 

No.  1               No.  4               No.  3 

i 
1  and  3            1  and  4              3  and  4 

'.'...'.'. 

82.737               82.653 

82.566               82.613 

0.084               

0  047 

0.131                

Barometer  pressure  =  29.3  In.  mercury  =  397  in.  water. 


The  temperature  increase  E  produced  by  an  air  blast  equivalent  to  p  in.  of  water 
may  be  expressed  by  the  equation 


E  = 


0.38-0.13 


p  =  0.26  p. 


[33] 


0.25 


or  — ' —  =  66  per  cent  of  the  theoretical  temperature. 
0.38 

78  Experiment  No.  2.  This  was  for  the  purpose  of  determining  approxi- 
mately the  per  cent  of  error  due  to  radiation  and  stem  correction  in  the 
depression  of  the  wet  bulb  of  the  sling  psychrometer,  and  was  accomplished 
by  comparing  wet-bulb  thermometer  No.  4,  with  wet-bulb  thermometer  No.  3, 
which  was  protected  from  practically  all  radiation  by  surrounding  it  with  in- 
sulated wet  surfaces  at  precisely  the  same  temperature,  and  by  protecting  the 
stem  with  a  wet  cloth.  This  arrangement  is  shown  in  Fig.  11,  and  may  be 
termed  a  wet-bulb  or  evaporation  calorimeter.  The  protection  for  the  wet  bulb 
consisted  in  an  annular  vacuum  tube,  having  the  exterior  surface  covered  with 
a  wet  cloth,  and  the  interior  with  a  tube  of  wet  blotting  paper.  This  was 
placed  in  an  open  tube  leading  from  the  air  duct  so  that  there  is  the  same 
circulation  of  air  over  the  wet  surfaces  as  over  the  wet-bulb  thermometer 
placed  within.  Thermometer  No.  4  was  rotated  while  being  subjected  to  the 
blast,  so  that  the  condition  in  the  sling  psj'chrometer  would  be  exactly  re- 
produced. 
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79  The  log  of  these  tests  shows  that  the  error  in  the  depression  of  the  wet  blub 
in  the  slinj;;  psychrometer  for  various  velocities  is  as  shown  in  Table  4  and  Fig. 
10.  This  error  has  been  taken  as  directly  i)roportional  to  the  dei)ression. 
.More  accurately  it  is  proportional  to  the  ditTerence  of  the  fourth  powers  of  the 
respective  absolute  temperatures,  except  for  the  stem  correction.  However, 
where  the  depression  is  the  usual  small  percentage  of  the  absolute  temperature, 
the  error  in  assuming  direct  proportionality  is  insignificant. 

80  The  sling  psychrometer,  however,  is  subject  to  another  error,  heretofore 
seemingly  overlooked.  As  shown  in  experiment  No.  1,  there  is  a  rise  in  tem- 
perature due  to  the  impact  of  the  air  upon  the  bulb,  which,  in  the  case  of  the 
dry  bulb  is  66  per  cent  of  the  theoretical,  or  0.25  p,  and  in  the  case  of  the  wet 

T.\BLE  4    AVERAGE  RESULTS  OF    TEST  FOR  RADIATION    ERROR  IN  WET  BULB 
OF  SLING  PSYCHROMETER 


1     Velocity  pressure.  In.  water 

0.08 

0.16 

0.25 

0.55 

0.75 

1.00 

1160 

1640 

2050 

3040 

3550 

4100 

3     Room  temperature  No.  2 

86.0 

82.0 

85.1 

85.2 

87.2 

87.25 

4     Dry-bulb  temperature  No.  L. . . 

87.125 

83.93 

83.88 

83.975 

88.175 

88.59 

5    Calorimeter  temperature  No.  3. . 

68.935 

69.725 

71.158 

71.740 

68.494 

68.830 

6    Wet-bulb  temperature  No.  4 

39  21 

70.01 

71.353 

71.892 

68.654 

68.965 

7    Calorimeter    depression     (differ- 

ence between  items  4  and  5). . 

18.19 

14.205 

12.722 

12.235 

19.681 

19.760 

8     Difference  between  wet-bulb  and 

calorimeter  temperature 

0.295 

0.285 

0.195 

0.152 

0.160 

0.135 

9     Ratio  of    wet    bulb    minus   cal- 

orimeter temperature  to  calori- 

meter depression  (item  8H-7). 

0.016 

0.020 

0.015 

0.012 

0.008 

0.007 

10    Item  9  corrected  for  difference  in 

Impact 

0.01606 

0.02018 

0.01527 

0.01239 

0.00853 

0.00771 

Temperature  difference  due  to  Impact  =  0.3  X  0.047  X  velocity  pressure. 

dt' 

—  =  0.3  at  I'  =  69  to  70  deg.  falir. 
at 

0.047  =  temperature  difference   (thermometer  No.  3-thermometer   No.  4)  with  dry-bulb 

thermometers  due  to  difference  in  Impact  at  1  in.  velocity  pressure. 

bulb,  0.25  yj-—.      This,    however,   would  have   no  effect  upon  the  calculated 
dt 

absolute  humidity,   but   only  on  the  temperature  and  consequent  relative 
humidity. 

81  The  tj'pe  of  psychrometer  which  lends  itself  to  the  most  accurate  determin- 
ations is  the  Aszmann  aspiration  psychrometer^  shown  in  Fig.  14.  Here  the  air 
is  aspirated  through  two  tubes  containing  the  wet  and  dry-bulb  thermometers. 
The  wet-bulb  temperatui'e  is  brought  to  a  minimum  by  the  use  of  an  atomizer. 
This  serves  also  to  moisten  the  inner  surface  of  the  enveloping  tube,  thus 
cooling  it  and  preventing  radiation.  In  this  type  of  psj'chrometer  it  should 
be  noted  that  the  impact  of  the  air  upon  the  thermometer  bulbs  largely  neutral- 
izes the  reduction  in  pressure,  producing  the  velocity  as  demonstrated  in 
experiment  No.  1. 


'  For  full  description  see  Zeitschrift  fiir  Instrumentenkunde,  January  1892. 


1344 


RATIONAL    PSYCHROMETRIC    FORMULAE 


82  Experiment  No.  3.  The  purpose  of  this  experiment  was  to  demonstrate 
principles  C  and  D  in  Pars.  30  and  31.  A  modified  form  of  the  evaporation 
calorimeter  as  shown  in  Figs.  5  and  6  was  used.  The  air  was  first  passed 
through  two  layers  of  moistened  sponge,  bringing  it  very  close  to  true  adia- 


FiG.  14    Aspiration  Psychrometer 


batic  saturation.  Its  temperature  was  then  taken  alternately  with  a  wet- 
bulb  and  a  dry-bulb  thermometer,  and  simultaneous  readings  were  taken 
with  thermometer  No.  4,  the  error  of  wMch  had  been  established.  It  was 
found  very  difficult  to  obtain  consistent  readings  to  the  degree  of  accuracy 
desired,  on  account  of  the  extreme  lag  of  temperature  in  the  calorimeter  thus 
constructed.     On  this  account  it  was  found  necessary  to  maintain  the  tempera- 
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ture  constant  at  No.  4  by  continuous  hand  regulation  at  the  fan  inlet  and 
continuous  observations  of  thermometer  No.  4.  It  was  found  possible  in  this 
way  to  prevent  a  variation  of  more  than  0.05  deg.  Results  showed  the  tem- 
perature in  the  calorimeter  with  a  wet  bulb  to  be  a  little  lower  than  a  No.  3 
when  a  dry  bulb  was  used,  owing  to  slightly  imperfect  saturation.  This  test, 
therefore,  did  not  agree  exactly  with  the  results  of  experiment  No.  2.  It 
appeared  to  be  possible,  however,  for  the  water  on  the  wet  bulb  in  experiment 
No.  2  to  be  cooled  to  a  lower  temperature  than  that  of  adiabatic  saturation,  and 
it  is  necessary,  therefore,  to  attribute  this  slight  discrepancy  to  some  source 
of  error  in  the  temperature  of  the  air  in  experiment  No.  3.     Three  explanations 


TABLE    5    COMPARISON    OF    WET-BULB     TEMPERATURE     WITH     SATURATION 

TEMPERATURE   WHEN    PASSING   AIR   THROUGH    WET   SPONGE 

IN    CALORIMETER,  PRESSURE  0.25  IN. 


No.  1 
Dry-Bulb  Temperature 

No.  2 
Wet-Bulb  Temperature 

No.  3 
Calorimeter 
Temperature 

Difference 

81.75 

61.90 

61.80 

0.10 

81.75 

61.95 

61.85 

0.10 

81.75 

62  00 

61.85 

0.15 

81.75 

62.05 

61.90 

0.15 

81.75 

62.00 

61.90 

0.10 

81.75 

62.00 

61.90 

0.10 

81.75 

62.65 

62.65 

0.00 

81.75 

62.60 

62.65 

0.05 

81.75 

62.65 

62  65 

0.00 

81.75 

62  65 

62  625 

0  025 

81  75 

62.65 

62.65 

0.00 

81  75 

62.60 

62.625 

0.025 

81  75 

62.65 

62.65 

0.00 

81  75 

62.60 

62.625 

0.025 

S!  75 

62.65 

62.65 

0.00 

81  75 

62.60 

62.65 

0.05 

81.75 

62.65 

62.625 

0.025 

81.75 

62.70 

63.65 

0.05 

are  possible :  (a)  the  air  being  thoroughly  saturated  before  entering  the  tube 
of  the  calorimeter,  its  temperature  would  easily  be  increased  with  any  slight 
adiati  on  due  to  imperfect  insulation,  especially  since  air  delivery  was  greatly 
educe  d  by  the  resistance  of  the  sponge ;  (b)  at  the  time  the  readings  were  taken 
the  outside  was  always  beginning  to  get  dry,  due  to  the  very  long  time  required 
to  bring  the  temperature  of  the  calorimeter  to  a  minimum,  during  which  the 
cloth  on  the  calorimeter  would  begin  to  dry  and  require  moistening,  resulting 
in  a  momentarily  increase  of  temperature;  (c)  the  possibility  of  some  parts 
of  the  sponge  becoming  dry  and  conducting  a  slight  amount  of  heat  to  the  wet 
portions. 

83  The  agreement  of  these  tests,  however,  is  quite  sufficient  to  warrant 
fully  the  acceptance  of  the  fundamental  principles  previously  stated.  It  is 
also  made  evident  that  the  reading  of  the  wet-bulb  thermometer  properly  pro- 
tected from  radiation  as  in  experiment  No.  2  is  a  most  practicable  and  accurate 
method  of  determining  the  temperature  of  adiabatic  saturation. 


APPENDIX  No.  3 

PKOOF    OF    FORMULA    [5] 

5284  (f  + 459.64)  Ds 
&  =  ■ ::; 

P  -  e 

84  In  this  equation 

G    =  grains  of  moisture  per  lb.  of  pure  air  at  saturation 

t     =  temperature  of  saturation  in  deg.  fahr. 

t     +  459.64  =  absolute  temperature 

Da  =  density  in  lb.  per  cu.  ft.  of  saturated  water  vapor  at  temperature  t 

=  reciprocal  of  specific  volume  of  steam 
F    =  29.92  =  assumed  standard  of  barometric  pressure  in  in.  of  mercury. 
e      =  vapor  pressure  of  saturated  water  vapor 
5284  =  constant  of  the  equation 

85  According  to  the  law  of  gaseous  mixtures  the  total  pressure  is  equal  to 
the  sum  of  the  gaseous  pressures  of  the  component  parts,  and  the  weights  of 
the  two  components  are  in  proportion  to  the  products  of  their  respective  pres- 
sures times  their  specific  weights 

Z77  =  — ~  and  P  =  pi  +  P2 i34] 

Wi  P2  Si 

For  a  mixture  of  1  lb.  of  air  and  water  vapor  saturated  at  a  given  tempera- 
ture, therefore 


where 


Weight  of  air  =  1  lb. 

Specific  weight  of  air  =  1 

{P  —  ps)  =  total  barometric  pressure  in  lb.  per  sq.  ft. 

Wa  =  weight  of  saturated  water  vapor  in  1  lb.  pure  air 

Pa    =   pressure  of  saturated  water  at  given  temperature  ti  in  lb. 

per  sq.  ft. 
Si    =  specific  weight  of  water  vapor  at  temperature  t,  compared 

with  air  at  same  temperature  and  pressure;  ps  or  e. 
W    =  weight  of  moisture  vapor  in  mixture  containing  1  lb.  pure  air. 
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Also 

S  =  ^=   Fa/).s [35] 

'3 

where 

Fa  =  specific  volume  of  saturated  steam   (volume  of  1  lb.)  at  a 
given  temperature,  t 
Pressure  eVo,  =  specific  volume  of  air  at  the  same  pressure  and  temperature 
Da  =  density  of  saturated  steam  in  lb.  per  cu.  ft.  at  temperature  i 
But  we  have  for  air 

fr  =  53.35 

,f +  459.64  , 
Fa  =  53.35  (  -^ ) [36] 


Therefore 


^^  _  53.35  C.«  + 459.64)^^ ^ ,3^, 

Hence,  substituting  in  [34] 

^^  53.35  «  +  45^^ ,3^1 

(P-    P) 

G  =  7000  W 

(P  -  e)  in.  mercury  =  (144  X  0.4908)  (P  -  p)  lb.  per  sq.  ft. 

Hence 

„       5284  «  +  459.64)  D, 

^ (P~-^)  ^^^^ 


APPENDIX  No.  4 

DERIVATION  OF  FORMULA  [6],  GIVING  THE  EQUATION  OF  THE    ADIABATIC 
SATURATION   LINE 

r'  {W  -W)   =  Cpa  (t  -  t')   +  Cps  W  {t  -  t') 

86  Assuming  1  lb.  of  pure  air  having  the  temperature  t  containing  W  lb.  of 
moisture  with  the  corresponding  dew  point  <i  and  vapor  pressure  Ci  having  a 
resultant  adiabatic  saturation  temperature  of  t',  assume  also  a  moisture  incre- 
ment dPF  under  adiabatic  conditions  resulting  in  a  temperature  increment  of 
—  dt.  This  moisture  increment  dW  is  evidently  evaporated  at  a  vapor  pressure 
e-i  corresponding  to  temperature  h  and  superheated  to  temperature  t.  The 
temperature  of  the  liquid  is  evidently  constant  at  temperature  t',  from  prin- 
ciple C.  The  total  heat  of  the  vapor  in  the  increment  is  HidW  +  Cps  {t-ti)  dW, 
where  Hi  is  the  total  heat  of  steam  corresponding  to  temperature  ti  and 
vapor  pressure  e.i,  and  Cpa  {i-ti.)  dW  is  the  heat  required  to  superheat  from  satur- 
ation temperature  h  to  dry-bulb  temperature  I.  The  heat  of  the  liquid  evapor- 
ated, however,  is  q'dW  corresponding  to  temperature  of  saturation  t'. 

87    The  total  heat  interchange  required  to  evaporate  d\V  under  these  condi- 
tions is  therefore 

2  =  (//,-  g'  -F  Cps )   [l  -  l)i]  dW [40] 

The  change  in  sensible  heat  of  1  lb.  of    .ir   and  W  lb.  of  water  vapor  due  to 
the  temperature  increment  —dt  is 

2  =   -  (Cpa  -f  WCp,)  dt [41] 

Since  the  change  is  adiabatic  these  values  may  be  related  by  the  equation 

Hi  -q'  +  [Cps  it  -  ti)  ]  dW  -  (Cpa  +  WCps)  dt  =  0 [42] 


f*w'  rt' 

{Hi  -  q'  [Cps  {t  -li)]}  dW  =  (Cpa  +  WCps)   dt 


[43] 


in  which  Hi  and  ti  are  variables  corresponding  to  the  variable  W  while  t  is  a 
variable  related  to  W  by  the  different  equation.  A  constant  corresponding  to 
t'  \s  q'  while  Cps  may  be  taken  approximately  as  a  mean  between  its  values  at 
ii  and  at  t'  and  Cpa  as  a  mean  between  its  values  at  t  and  at  t'.  The  temper- 
ature of  saturation  is  t' ,  and  W  is  the  corresponding  moisture  content  at  satu- 
ration. 

88     It  is  not  necessary,  however,  to  solve  this  equation  in  this  form  as  this 
relationship  may  be  simplified. 

|//i  -  q'  +  [Cpa  it  -tx)]]  dW  =  {//i  -  q'  +  [Cps  (<  -/,))  +  (Cps  (/  -  I')  ]  }  dW  .[U\ 
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It  may  be  shown  tliennodynamically,  assuming  steam  to  be  a  perfect  gas,  that 

//i  -  <z'  +  [Cps  {t-k)]=H'  -q'  =  r' [45] 

89  This  may  also  be  demonstrated  ai)i)roximately  for  the  range  of  tempera- 
tures under  discussion  by  computation  from  tlie  values  given  in  the  steam 
tables  of  Marks  and  Davis,  as  in  Table  G: 

TABLE  G    COMPARISON  OF  ACTUAL  VALUES  OF  r' WITH  VALUES  OF  r' COMPUTED 
FROM  THE  TOTAL  HEAT  AT  DIFFERENT  TEMPERATURES  ti 


t'  =  80  deg.,  r'  =  1046.' 


t' 

ti 

Cps 

Hi 

a' 

r' 
(Computed) 

80 

70 

1 
0.44365 

1090.3 

48.03 

1046.70 

80 

60 

0.44356 

1085.9 

48  03 

1046.74 

80 

50 

0.44347 

1081.4 

48.03 

1046. 7S 

80 

40 

0.44338 

1076.9 

48.03 

1046.6 

t'  =  100  deg. 

r'  =  1035.6 

100 

90 

0.44401 

1099.2 

67.97 

1035.67 

100 

80 

0.44392 

1094.8 

67.97 

1035.7 

100 

70 

0.44383 

1090  3 

67.97 

10.35.64 

100 

60 

0.44374 

1085.9 

67.97 

1035.67 

100 

50 

0.44365 

1081.4 

67.97 

1035.81 

100 

40 

0.44356 

1076.9 

67.97 

1035.54 

t'  =  120  deg.. 

r'  =  1024.4 

120 

110 

0.44419 

1108.0 

87.91 

1024.4 

120 

100 

0.44410 

1103  6 

87.91 

1024.57 

120 

90 

0.44401 

1099.2 

87.91 

1024.62 

120 

80 

0.44392 

1094.4 

87.91 

1024.64 

120 

70 

0.44383 

1090.3 

87.91 

1024.58 

120 

60 

0.44374 

1085.9 

87.91 

1024.50 

120 

50 

0.44365 

1081.4 

87.91 

1024.54 

120 

40 

0.44356 

1076.9 

87.91 

1024.47 

r'  =  Hi-q'  +  [Cps(t'-tO] 
H'  =  Hi  +  [CpsU'  -h)] 


Hence  substituting  in  equation  [43] 

r     I        dPF  +  Cps    I       {l-t')dW=Cp^ 


dW  +  Cps  {l-t')  dW=  Cpa       fd  t  +  Cps    \     Wdt....  [46] 

w  Jw  Jf  ^f 

'  (W"  -  W)  +  CVs    I  [    di\dW  =  Cp^{X-l')^CpsW    j    dt 


r'  {\\'  -  W)  =  Cpa  (i  -  i')  +  Cps  W  {.i-  n 


[47] 
[48] 
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90  The  same  result  may  be  obtained  by  equating  the  total  heat  in  the  air 
in  any  state  with  its  total  heat  when  in  the  state  of  adiabatic  saturation.  The 
total  heat  in  a  mixture  of  1  lb.  of  pure  air  and  saturated  water  vapor  at  a  tem- 
perature t'  calculated  from  a  base  temperature  of  0  deg.  fahr.  and  deducing 
the  heat  of  the  liquid, 5',  which  as  we  have  shown  is  unaffected  by  the  adia- 
batic change,  is 

S  =  CVr  +  r'lf' [49] 

91  The  total  heat  under  any  other  adiabatic  condition,  where  tempera- 
ture is  t  and  moisture  W,  is 

S  =  Cpa  <  +  [  (//i  -  qi)  +  C'ps  W  -h)\W [50] 

which  is  substantially  equivalent  to 

2  =  Cpa  <  +  r' 1^  4- Cp3  (<-i')   W [51] 

Therefore  since  the  change  is  adiabatic  we  may  equate  [47]  and  149]. 

Cpa  t  +  r'W+C^s  it-t')  W  =  Cpai'  +  r'PP [52] 

Cpa  {t  -  t')  -{-  Cp^  {t  -  t')  W  ^  r'  {W  -  W) [53] 

where 

{t-t')  =  the  true  wet-bulb  depression 
(W —  W)  =  the  moisture  absorbed  per  lb.  of  pure  air  when  it  is  adiabati- 
cally  saturated  from  an  initial  dry-bulb  temperature  to  and  an 
initial  moisture  content  W 
Cpa,  =  mean  specific  heat  of  air  at  constant  pressure  between  tempera- 
ture t  and  t' 
Cps  =  specific  heat  of  steam  at  constant  pressure  between  i  and  /' 
r'  =  latent  heat  of  evaporation  at  wet-bulb  temperature  t' 
This  is  identical  with  equation  [20]  obtained  by  the  differential  method. 


TEST  OF  AN  85-H.P.  OIL  ENGINE 

By  Forrest  M.  Towl 

ABSTRACT  OF  PAPER 

The  paper  describes  a  test  of  a  DeLaVergne  oil  engine,  FHtype,  operating 
an  oil  pump,  and  one  of  the  same  engine  under  the  same  conditions  but  with 
the  load  applied  by  a  prony  brake  instead  of  a  pump.  The  object  of  the  test 
was  to  find  the  friction  of  the  pump  and  gearing  and  the  efficiency  of  the  plant. 
Data  of  test  and  results  of  computations  are  given.  The  pump  and  transmis- 
sion efficiency  were  92.1  per  cent,  the  total  station  efficiency,  25.52  per  cent, 
and  the  duty  per  1,000,000  B.t.u.,  198,664,000. 
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TEST  OF  AN  85-H.P.  OIL  ENGINE 

By  Forrest  M.  Towl,  New  York 
Member  of  the  Society 

A  test  of  a  De  La  Vergne  oil  engine,  FH  type,  was  made  at  the 
pumping  station  of  the  Standard  Oil  Company,  Fawn  Grove,  Pa., 
on  April  20  and  21,  1911.  The  engine  was  one  of  the  regular  85-h.p. 
machines,  built  by  the  De  La  Vergne  Machine  Company,  New  York, 
cylinder  17  in.  by  27^  in.  and  running,  as  installed  at  Fawn  Grove, 
at  about  180  r.p.m. 

2  This  type  of  engine  operates  on  the  well-known  Beau  de  Rochas 
C3'cle.  The  successive  operations  take  place  in  much  the  same  man- 
ner as  in  the  ordinary  4-cycle  gas  engine,  except  that  the  fuel  is 
injected  into  the  cylinder  at  the  completion  of  the  compression  stroke 
instead  of  being  drawn  in  gradually  as  in  the  gas  engine.  Figs.  1 
and  2,  an  exterior  view  and  a  longitudinal  section,  show  the  relation- 
ship of  the  various  parts  and  the  internal  construction.  Fig.  3  shows 
the  engine  and  pump  as  installed,  with  clutch  connection. 

3  The  charge  of  air  is  drawn  into  the  cylinder  through  the  inlet 
valve  A  (Fig.  2),  and  during  the  compression  stroke  which  follows  is 
forced  into  the  small  combustion  chamber  at  the  rear  end  of  the  cyl- 
inder, where  it  is  compressed  to  about  300  lb.  per  sq.  in. 

4  A  valuable  feature  of  this  engine  is  the  high  thermal  efficiency 
■without  excessive  cylinder  pressure.  The  highest  pressure  after 
ignition  is  approximately  500  lb.  per  sq.  in. 

5  Fuel  is  preferably  stored  in  an  underground  tank,  from  which 
it  is  raised  by  a  small  rotary  pump  driven  by  t'.e  engine  to  a  minia- 
ture standpipe.  An  oil  pump  withdraws  it  from  the  standpipe  and 
delivers  it  at  high  pressure  to  the  spraying  device,  whence  it  is  pro- 
pelled into  the  cylinder  at  the  proper  moment  in  a  highly  atomized 
state. 
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6  The  spraying  nozzle  is  designed  especially  with  a  view  to  mak- 
ing derangement  impossible.  The  oil  and  compressed  air  are  admit- 
ted on  opposite  sides  of  a  sleeve  which  encloses  the  needle-valve  i)in. 
On  the  surface  of  the  sleeve  is  cut  a  series  of  diagonal  grooves  and 
channels  through  which  the  oil  and  air  are  forced  to  pass.  In  this 
way  an  extremely  minute  subdivision  of  the  particles  of  oil  and  a 
most  intimate  mixture  with  the  air  are  obtained.  The  needle  valve 
by  which  the  charge  is  admitted  into  the  cylinder  is  about  |  in.  in 
diameter,  and  with  its  appurtenances,  is  so  arranged  that  the  whole 
may  be  instantly  withdrawn  for  inspection  at  any  time. 


Fig.  1    Exterior  View  of  85-h.p.  De  La  Vergne  Oil  Engine,  Type  FH 


7  The  air  for  spraying  the  oil  is  supplied  by  a  two-stage  air  com- 
pressor, shown  at  C,  Fig.  2,  driven  by  an  eccentric  on  the  engine 
shaft.  The  air  compressed  by  the  first  stage  is  stored  in  a  tank  at 
about  150  lb.  pressure,  and  is  utilized  for  starting  the  engine.  The 
second  stage  of  the  compressor  is  quite  small  and  handles  only  suffi- 
cient air  to  effect  the  spraying  of  the  oil  from  stroke  to  stroke.  The 
amount  of  air  drawn  in  by  the  second  stage  is  controlled  by  the  engine 
governor  to  suit  the  various  charges  of  fuel. 

8  Ignition  of  the  charge  is  effected  by  means  of  the  vaporizer  or 
hot  cap  shown  at  D,  a  device  consisting  of  a  massive  gun-iron  thimble, 
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heavily  ribbed  on  the  inside  to  increase  its  radiating  surface.  It  is 
located  on  the  side  of  the  cyhnder  head  and  opens  directly  into  the 
combustion  chamber,  across  which  and  into  the  vaporizer  the  charge 
of  fuel  is  injected.  By  this  device  the  fuel  is  ignited  as  soon  as  the 
s])raying  valve  is  opened,  and  it  is  therefore  possible  exactly  to  time  the 
])oint  of  ignition.  As  the  fuel  is  not  introduced  into  the  cylinder 
until  the  moment  of  ignition,  a  relatively  high  compression  may  be 
had  without  the  possibility  of  back-firing.  The  vaporizer  must  be 
heated  by  a  blast  lamp  for  a  few  minutes  before  the  engine  is 
started;  but  this  may  be  removed  as  soon  as  the  engine  is  in  operation. 


Fig.  2    Longitudinal   Section    of   Oil   Engine 


9  Before  shipment  the  engine  was  tested  and  developed  a  brake 
horsepower  with  0.474  lb.  of  Solar  fuel  oil  per  hour  when  running  at 
65.11  b.h.p.,  and  0.462  lb.  when  running  at  85.74  b.h.p. 

10  In  order  to  obtain  as  accurate  data  as  possible,  not  only  of  the 
engine  but  of  the  combined  pumping  plant,  it  was  decided  to  make  a 
second  brake  test  at  Fawn  Grove  with  the  engine  doing  practically 
the  same  work  as  when  pumping,  and  to  ascertain  as  accurately  as 
possible  the  ratio  between  the  b.h.p.  and  the  pump  h.p. 

11  In  preparation  for  the  test,  a  Government  sealed  platform 
scale,  weighing  to  single  ounces,  was  procured  for  weighing  the  oil. 
The  water  for  cooling  purposes  was  taken  by  gravity  from  a  tank  and 
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allowed  to  waste,  the  amount  used  being  computed  from  measure- 
ments taken.  The  inlet  temperature  was  taken  at  the  tank,  and  the 
temperature  of  the  water  after  passing  the  jackets  by  ])lacing  a  ther- 
mometer in  the  line  near  the  engine. 

12  The  amount  pumped  was  ascertained  by  gaging  the  tank  at 
Fawn  Grove,  and  checked  by  gaging  the  tank  into  whi(!h  the  oil  was 
pumped.  The  pressure  was  recorded  by  a  Bristol  recording  gage 
and  also  read  on  a  special  Ashcroft  gage,  the  latter,  on  the  completion 
of  the  test,  being  taken  to  New  York  and  compared  with  the  standard 
gage  of  the  company,  which  is  graduated  from  a  mercury  column,  sit- 
uated in  the  Standard  Oil  Building,  high  enough  to  give  direct  read- 
ings u])  to  875  lb.  per  sq.  in.  The  temperatures  were  taken  with 
standardized  thermometers,  and  the  cards  with  a  Crosby  indicator, 
which  was  returned  to  the  makers  at  the  close  of  the  test  and  found 
to  be  correct. 

13  The  exhaust  gases  were  tested  on  the  ground  by  using  an  Orsat 
apparatus.  Samples  of  the  oil  w^ere  tested  for  calorific  power.  The 
average  as  obtained  by  one  observer  was  19,059  and  this  figure  was 
used  in  working  up  the  tests.  Tw^o  tests  were  made  by  another  ob- 
server and  recorded  18,920  and  19,300  B.t.u.  Prof.  H.  C.  Sherman's 
formula,  B.t.u.  =  18,650  +  40  (Baum6  deg.  -10)i  makes  this  19,570. 
This  formula  is  roughly  applicable  to  all  the  American  crude  oils. 

14  No  analysis  of  the  oil  was  made,  but  for  the  purposes  of  chemi- 
cal calculations,  it  was  assumed  to  be  as  follows: 

Per  cent  by  weight 

Carbon 86 

Hydrogen 12 

Other  material 2 

100 

The  accuracy  of  the  method  used  in  analysing  the  gases  is  not  such  as 
to  warrant  going  to  the  trouble  of  making  an  analysis  of  the  oil. 
By  comparison  with  available  analyses  the  above  is  believed  to  be 
substantially  correct. 

15  In  order  to  attach  the  Prony  brake  to  the  engine,  it  was  neces- 
sary to  remove  the  drag-link  coupling  between  the  engine  and  the 
friction  clutch,  thus  running  an  extra  shaft-bearing  during  the  brake 
test.  The  brake  had  an  arm  5  ft.  4  in.  long  and  an  unbalanced  weight 
of  48  lb. 
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16  Three  tests  were  made,  the  first,  A,  a  full-load  brake  test; 
the  second,  B,  a  pumping  test  using  the  engine  under  the  actual  oper- 
ating conditions;  and  the  third,  C,  without  disturbing  any  of  the  en- 
gine adjustmeiits,  but  simply  substituting  the  brake  load  for  the  pump 
load,  so  that  the  oil  consumption  and  speed  were,  as  nearly  as  possible, 
the  same.  By  comparing  B  and  C  it  was  thought  that  the  friction  of 
the  pump  could  be  more  accurately  ascertained  than  in  any  other  way. 

17  The  duration  of  each  test  was  3  hours,  and  each  hour  checked 
so  closely  that  it  was  considered  unnecessary  to  continue  the  runs  for 
a  longer  period. 

18  The  air  for  spraying  the  oil  was  pumped  by  an  attached  com- 
pressor. There  was  no  auxiliary  machinery  used,  the  cooling  water 
being  delivered  by  gravity. 

19  The  number  of  revolutions  per  hour  was  obtained  by  using 
an  Ashcroft  counter.  During  test  B  the  counter  was  on  the  pump 
and  the  revolutions  were  computed  in  the  ratio  of  the  gearing;  during 
tests  A  and  C  the  counter  was  connected  direct  to  the  engine.  The 
resistance  of  the  pump  load,  test  B,  was  so  constant  and  the  regula- 
tion of  the  engine  so  good,  that  the  number  of  counts  recorded  for 
each  hour  was  the  same.  The  fuel  consumed  for  the  first  hour  was 
31  lb.  2  oz.,  the  second,  31  lb.  3  oz,,  and  the  third,  31  lb.  During  the 
brake  test  C  the  number  of  revolutions  recorded  was  respectively 
10918,  10916  and  10919.  The  fuel  consumption  for  the  above  hours 
was  31  lb.  6  oz.,  31  lb.  8  oz.,  and  31  lb.  4  oz. 

20  The  following  chemical  computation  was  made  in  connection 
with  test  C,  and  is  based  on  the  analysis  previously  given,  assuming 
that  all  of  the  oil  was  burned. 

Lb.  per  Hr. 

Oxygen  for  hydrogen  combustion 30. 12 

Oxygen  for  carbon 71 .95 

Total  oxygen 102.07 

Air  used  for  combustion 443.8 

Excess  air  (165.2  per  cent) 733.2 

Hydrogen  burned 3 .  765 

Carbon  burned 26.983 


1207.748 


21  For  comparison  with  other  pump  tests  the  duty  per  1,000,000 
B.t.u.  is  given.  This  duty  is,  however,  based  on  the  heat  units  in 
the  oil  and  not  on  the  heat  units  delivered  to  the  engine  in  the  steam, 
as  is  the  customary  duty  of  a  steam  pumping  engine. 
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22  It  may  be  interesting  to  compare  this  duty  with  that  obtained 
by  Professor  Denton  in  his  test  of  the  Laketon  pmnping  en'^ine/ 
as  oil  fuel  was  used  during  that  test.  The  fuel  used  at  Laketon 
contained,  by  Professor  Sherman's  formula,  19,770  B.t.u.  The  evap- 
oration, test  5,  was  16. G4  lb.  from  and  at  212  deg.  This  makes  the 
boiler  efficiency  81.3  per  cent.  The  engine  performance  was  124,- 
37.5,  834  ft-lb.  per  1,000,000  B.t.u.,  or  15.985  per  cent,  and  the  total 


Fig.  4    Typical   Indicator   Diagram,   Test    A 
180  r.p.m.;  89  ra.e.p.;  123  i.h.p. 


Fig.  5    Typical  Indicator  Diagram,  Tests  B  and  C 
182  r.p.m.;  68  m.e.p.;  98  i.h.p. 


efficiency  of  the  plant  was  13  per  cent,  as  against  27.75  per  cent  for 
the  engine  and  25.52  per  cent  for  the  plant  obtained  from  the  present 
tests.  Professor  Carpenter's  test  of  the  North  Point,  E.  P.  Allis 
&  Company  pumping  engine,  if  figured  at  the  same  boiler  efficiency, 
would  give  a  plant  efficiency  of  14.38  per  cent.     The  Standard  Oil 

1  Trans.Am.Soc.M.E.,  vol.  14,  pp.  1349  and  1373. 
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Company  of  Louisiana  have  12  of  this  same  tjrpe  of  engine.  Tests 
of  two,  made  at  Flora,  La.,  by  James  Anderson,  Jr.,  show  that  the 
engines  developed  a  pump  horsepower  with  0.545  and  0.5205  lb.  of 
crude  oil  per  hour  respectively. 

23  After  the  engine  at  Fawn  Grove  was  tested,  several  adjust- 
ments were  made  and  resulted  in  the  development  of  a  pump  horse- 
power with  0.48  lb.  of  oil  per  hour. 

24  Fig.  4  shows  a  typical  indicator  diagram  for  test  A ;  Fig.  5,  a 
diagram  for  tests  B  and  C.     The  details  of  the  test  are  as  follows: 


HORSEPOWERS 

Test  number A  B                          C 

Date 4/20/11  4/20/11              4/21/11 

Start 9.00  a.m.  2.00  p.m.          9.00  a.m. 

End 12.00  m.  5.00  p.m.  12.00  m. 

Duration,  hr 3  3                         3 

Average  r.p.m 181.528  182.5  181.96 

Average  m.e. p.  of  cards,  lb.  per  sq. in. .  86.14  65.6  65.85 

Average  i.h.p.* 123.14  94.2  93.36 

Prony  brake  load,  lb 465.00  350.00 

Scale  load,  lb 560.00  445.00 

Average  b.h.p 85.86  64.57  64.68 

(computed) 

Pressure  pumped  against  lb.  per  sq.  in 570.00 

Gage  bbl.  pumped  42  gal.  per  bbl 769.14 

Average  gage  bbl.  per  hr 256.38 

Pump  h.p.  by  piston  displacement 60.143 

Pump  h.p.  by  actual  gage  bbl.  pumped 59.48 

EXHAUST 

Test  number A  B  C 

Temperature  of  gases,  deg.  fahr  ....  678  483  485 

Average  Analyses 

CO2,  percent 7.77  5.37  5.44 

CO,   percent 0  0  0 

O,  percent 10.17  13.5  13.24 

N.percent 82.06  81,13  81.32 

Specific  heat 0.2393  0.2388  0.2387 

Amount  of  gases 
By  calculation  of  displacement,  70 

deg.  fahr.  lb.  per  hr 1455.00  1500  00  149100 

If  temperature  were  same  as  jacket 

water 1181  00  1220.00 

From  chemical  test  (Par.  20) 1208 .  00 

•I.h.p.  probably  high  due  to  the  momentum  of  iadicatoi   part.s.     Thl.s  accounts  for  compara- 
tlv«ly  low  mechanical  efficiency  shown  In  a  table  which  follows. 
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JACKET    WATER 

(Capacity  of  tank  39.429  gal.  per  in.  depth) 

Test  niimbei A  C 

Inches  used  from  tank  18  12y6 

Total  gal.  used 709.7  490.4 

Average  lb.  per  hr 1971  0  1362.0 

Average  lb.  per.  b.h.p-hr 22.97  21.05 

Average  inlet  temperature,  deg.  fahr 68.7  71.3 

Average  outlet  temperature,  deg.  fahr 193  3  187 . 8 

HEAT    BALANCES 

Test  number A  B  C 

Input,  B.t.u-hr 815,153  592,813  597,976 

Engine  useful  work 

B.t.u-hr 218,514  164,331  164,610 

Percent 26.8  27.75  27.52 

Loss  in  cooling  water 

B.t.u-hr 246,375  158,673 

Percent 30.2  26.5 

Loss  in  exhaust 

B.t.u-hr 119,520 

Percent 20.03 

Loss  in  friction  and  radiation  by  difference 

B.t.u-hr ." 155,173 

Per  cent 25.95 

B.t.u.  per  hr.  in  cylinder  work 313,391  239,739  240,046 

B.t.u.  per  hr.  in  useful  pump-work  output 

of  station 151,376 

B.t.u.  per  hr.,  input  per  b.h.p 9,491  9,186  9,244 

(calculated) 

B.t.u.  per  hr.  input  per  pump  h.p 9,987 

Duty,  ft-lb.  per  1,000,000  B.t.u 198,664,000 

(based  on  oil  pumped  per  actual  gage) 

EFFICIENCIES 

Test  number A                   B                  C 

Engine  efficiency 

Thermal,  per  cent 38.4  40.45  40.2 

Mechanical,  per  cent* 69.71  68.55  68.55 

(assumed  same  as  test  C) 

Total,  per  cent 26.8  27.75  27.52 

Pump 

Volumetric,  per  cent 98.9 

Pump  and  transmission,  per  cent 92 . 1 
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FUEL    CONSUMPTION 

Test  number A            R  C 

Lb.  of  fuel  per  hr 42.77  31.1041  31.375 

Lb.  of  fuel  i.h.p.  per  hr 0.347  0.331  0,333 

Lb.  of  fuel  b.h.p.  per  hr 0.498  0.482  0.485 

Lb.  of  fuel  pump  h.p.  by  displacement 0.5171 

Lb.  of  fuel  pump  h.j).  per  hr.  by  gage  bbl 0.524 

ENGINE    DATA 

Governor  lift,  in ^  -^  ^ 

Air  pressure  in  tanks,  lb. ,  per  sq.  in 94  96  97 

Regulation  full  load  to  no  load,  r.p.m 182-186 

Compression,  lb.  per  sq.in 347 

LUBRICATION 

Test  number 1  B              C 

Cylinder  oil 

i^  Lb.  per  hr 0.6875  0.9375 

Lb.  per  100  b.h.p.  per  hr 1.0625  1.445 

Engine  oil 

Lb.perhr 1.78  1.16 

Lb.  per  hr.  100  b.h.p.  perhr 2.76  1.795 

FUEL    OIL    CHARACTERISTICS 
Illinois  Crude  Oil 

Baum6  33  deg.fahr.  specific  gravity  0.863 

Flash  point  35  deg.fahr.  burning  point  65  deg.  fahr. 

Heating  value      19,059  B.t.u.  per  lb.  per  test 

19,570  per  Professor  Sherman's  formula 


STRAIN  MEASUREMENTS  OF  SOME  STEAM 
BOILERS    UNDER    HYDROSTATIC    PRESSURES 

By  James  E.  Howard 

ABSTRACT  OF  PAPER 

Hydrostatic  tests  were  made  upon  two  horizontal  tubular  boilers  which 
had  been  in  service  for  a  period  of  27  years.  Gaged  lengths  were  estabhshed 
on  different  parts  of  the  boilers  by  means  of  holes  10  in.  apart  and  about 
0.05  in.  in  diameter,  reamed  to  a  conica!  sha::e.  The  deformations  of  the 
boilers  at  different  pressures  were  determined  by  a  IC-in.  micrometer  strain 
gage  with  conical  points  to  fit  the  reamed  holes  laid  out  on  the  boilers.  The 
paper  gives  by  means  of  diagrams  and  illuslrations  the  strains  occurring  at 
the  locations  where  measurements  were  taken;  and  for  the  sake  of  compari- 
son, stresses  were  computed  using  a  modulus  of  elasticity  of  30,000,000  lb. 
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STRAIN  MEASUREMENTS  OF  SOME  STEAM 
BOILERS    UNDER    HYDROSTATIC    PRESSURES 

By  James  E.  Howard/  Washington,  D.  C. 
Non-Member 

The  object  of  these  tests  is  to  ascertain  the  condition  of  the  metal 
of  the  shell  and  other  parts  of  two  horizontal  tubular  steam  boilers 
which  had  been  in  use  for  a  term  of  service  of  unusual  length;  and  in 
addition  thereto  to  acquire  information  on  constructive  details  by 
means  of  measured  strains. 

2  The  boilers  were  contributed  for  investigative  purposes  by 
the  treasurer  of  the  Kendall  Manufacturing  Company,  Providence, 
R.  I.,  the  late  Nicholas  Sheldon,  Esq.  They  were  of  early  manufac- 
ture and  from  their  remarkable  history  and  present  condition  were 
of  special  value  for  these  tests.  They  were  made  by  the  Whittier 
Machine  Company,  Boston,  Mass.,  using  "Benzon"  brand  of  steel, 
and  were  put  into  service  March  1881.  They  were  in  continuous 
service  for  a  period  of  27  years,  during  which  time,  as  Mr.  Sheldon 
wrote,  "no  repairs  were  required;  in  fact,  not  one  cent  has  been  spent 
upon  them." 

3  They  consisted  of  five  course  boilers,  two  sheets  to  a  course, 
having  the  following  general  dimensions: 

Diameter 72  in. 

Length,  over  dry  sheet 16  ft. 

Thickness  of  shell I  in. 

Thickness  of  heads 5  in. 

Number  of  tubes 140 

Diameter  of  tubes 3  in. 

Length  of  tubes 15  ft. 

Diameter  of  dome 2  ft.  6  in. 

Longitudinal  seams,  double-riveted  lap  joints,  f-in.  rivets,  2-in.  pitch,  punched 

holes,  rows  21  in.  apart,  rivets  staggered. 
Girth  seam,  f-in.  rivets,  2|-in.  pitch. 
Heads  stayed,  each,  with  14  braces. 
Cast-iron  manhole  frames  and  safety-valve  nozzle. 
Supported  by  lugs,  three  on  a  side. 
The  feedwater  came  from  the  Pawtucket  River. 

1  Engineer-Physicist,  Bureau  of  Standards,  Washington,  D.  G. 

The  American  Society  op  Mechanical  Engineers,  29  West  39th  Street, 
New  York.     All  papers  are  subject  to  revision. 
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4  The  hydrostatic  tests  were  made  at  the  W.  H.  Hick's  Boiler 
Works,  Providence.  Mr.  Francis  B.  Allen,  Vice-President  of  the 
Hartford  Steam  Boiler  Inspection  &  Insurance  Company,  assisted 
and  advised  with  the  writer  in  conducting  them.  The  boilers  will 
be  designated  by  the  numbers  4084  and  4092  under  which  they  were 
carried  on  the  books  of  the  Hartford  company. 

5  The  tests  began  with  strain  measurements  upon  different 
parts  of  the  boilers  as  they  were  subjected  to  successive  increments 
of  hydrostatic  pressures.  The  results  of  this  portion  of  the  inquiry 
are  now  available  and  herewith  presented.  Much  remains  to  be 
done  in  the  other  direction  of  testing,  pertaining  to  the  physical 
properties  of  the  materials. 

6  Measurements  of  the  deformations  of  engineering  structures, 
whether  steam  boilers,  bridges  or  buildings,  may  be  expected  to  de- 
velop information  of  a  kind  not  attainable  in  the  tests  of  the  com- 
ponent parts  of  those  structures.  A  comparatively  new  field  of 
inquiry  is  presented  in  the  tests  of  structures  over  the  tests  of  the 
materials  thereof.  The  effects  of  combined  stresses  may  readily 
be  studied  in  this  manner. 

7  No  more  simple  type  of  boiler  could  be  chosen  than  the  plain, 
horizontal,  tubular  boiler  of  these  tests,  yet  it  will  be  seen  from  the 
results  that  complexity  of  strains  and  stresses  are  found  in  most 
parts  of  the  shell.  In  comparatively  few  places  are  tangential 
strains  displayed  corresponding  in  magnitude  to  those  which  would 
be  expected  in  a  thin  cylindrical  shell  subjected  to  a  given  interior 
pressure. 

8  Ascertaining  the  deformations  by  the  method  of  measured 
strains,  locally  determmed,  consists  of  establishing  gaged  lengths  on 
different  parts  of  the  boiler  and  then  measuring  them  initially  and  at 
intervals  as  the  hydrostatic  pressures  are  successively  applied  and 
released. 

9  Gaged  lengths  of  10  in.  each  were  used  in  the  examination  of 
these  boilers.  Their  extremities  were  defined  by  small  drilled  and 
reamed  holes.  The  holes  are  about  0.05  in.  in  diameter  by,  say,  0.10 
in.  deep,  and  reamed  to  a  conical  shape.  The  angle  of  the  reamer 
is  65  deg.,  and  the  distance  across  the  hole  at  the  surface  of  the  shell 
sheet  about  0.08  in. 

10  Such  holes  carefully  made,  in  metal  surfaces,  are  capal)le  of 
centering  with  considerable  precision  the  contact  points  of  the  mi- 
crometer strain  gage.  The  strain  gage  is  used  as  a  transfer  instrument 
to  compare  the  gaged  lengths  on  the  work  with  a  corresponding  length 
on  a  standard  reference  bar. 
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11  Fig.  1  shows  the  10-in.  strain  gage  used  on  these  tests.  It 
consists  of  two  principal  parts,  an  outer  tube  and  an  inner  stem,  which 
are  telescopic,  working  on  ball  bearings.  Each  part  carries  a  coni- 
cal contact  point  for  centering  the  instrument  on  the  reference  bar 
and  on  the  work.  A  screw  micrometer  measures  the  length  of  the 
instrument  when  in  position. 

12  The  conical  contact  points  of  the  strain  gage  have  an  angle  of 
55  deg.  This  difference  of  10  deg.  between  the  reamed  hole  in  the 
boiler  shell  and  the  points  of  the  gage  secures  contact  at  a  short  dis- 
tance below  the  surface  of  the  shell.  Ordinarily  the  reference  holes 
are  safe  against  accidental  injury,  due  to  their  position. 

13  As  to  the  degree  of  precision  attained  with  the  strain  gage,  in 
the  hands  of  skilled  manipulators  and  under  favorable  conditions, 
such  as  were  experienced  mth  these  boilers,  it  is  believed  the  readings 
are  generall}^  reliable  to  one  ten-thousandth  of  an  inch.  This  strain 
corresponds  to  a  stress  of  300  \h.  per  sq.  in.  on  a  10-in.  gaged  length. 


Fig.  1     IO-In.  Strain  Gage 

using  a  modulus  of  elasticity  of  30,000,000  lb.  Fig.  2  shows  boiler 
No.  4084.  Both  boilers  were  of  the  same  dimensions  except  at  the 
dry  sheets.  When  on  their  settings,  boiler  No.  4084  was  on  the 
right,  boiler  No.  4092  on  the  left  side.  This  view  shows  the  locations 
of  some  of  the  gaged  lengths  which  were  established  on  this  boiler, 
taken  in  both  tangential  and  longitudinal  directions. 

14  A  more  comprehensive  series  of  lengths  was  established  on 
boiler  No.  4092,  and  the  general  discussion  of  the  results  of  the  strain 
measurements  will  be  given  in  connection  with  the  test  of  that  boiler. 

15  In  the  test  of  No.  4084  greater  strains  were  displayed  in  the 
vicinity  of  the  dome  and  the  manhole  frame  than  at  other  parts  of 
the  shell.  This  resulted,  as  would  clearly  be  expected,  in  the  early 
failure  of  the  boiler  at  those  places. 

16  Actual  rupture  of  the  dome  was  not  accomplished,  but  leakage 
along  its  single-riveted  longitudinal  seam  became  so  great  at  266  lb. 
pressure  that  it  was  necessary  to  remove  the  dome  and  patch  the 
shell  in  order  to  reach  higher  pressures  with  the  pump  available. 
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17  At  270  lb.  pressure  the  cast-iron  manhole  frame  fractured 
across  the  middle  of  its  length.  Another  patch  was  then  put  on  the 
shell  covering  the  manhole. 

18  The  test  was  again  resumed  when  at  295  lb.  pressure  the  rupture 
of  three  braces  of  the  front  head  occurred.  The  test  was  then  dis- 
continued and  the  boiler  dismantled. 


Fig.  3     Interior  of  Dome  Showing  Lines  along  which  Scale  was  Dis- 
turbed AFTER  Pressure  of  266  Lb.  on  Shell 

19  The  strain  measurements  made  in  the  test  of  No.  4084  were 
of  the  same  general  order  as  those  subsequently  made  in  the  test  of 
the  second  boiler  and  the  results  were,  for  the  most  part,  quite  similar. 

20  A  feature,  however,  in  the  test  of  the  first  was  absent  or  obscure 

TABLE  1     TANGENTIAL  EXTENSIONS  OF  THE  SEAMS,  BOILER  NO.  4084 


Cotirae 

Pressures 

B 

C 

D 

E 

210 

240 
270 

0.0166 
0.0241 
0.0341 

0.0121 
0.0171 
0.0241 

0.0099 
0.0138 
0.0212 

0.0084 
0,0121 
0.0187 

in  that  of  the  second.  There  was  a  progressive  difference  in  the  exten- 
sibility taken  across  the  longitudinal  seams  of  the  several  courses 
in  passing  from  the  front  to  the  rear  end  of  the  boiler. 

21     The  tangential  extensions  of  the  seams,  at  the  middle  of  their 
lengths,  were  as  shown  in  Table  1. 
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22  While  the^e  seams  were  not  directly  exposed  to  the  heated  gases 
over  the  grate,  nevertheless  it  seems  probable  that  a  wider  range  of 
thermal  conditions  prevailed  in  the  vicinity  of  the  seams  at  the  front 
end  over  those  at  the  rear  end  of  the  boiler.  If  such  was  the  case  it 
would  aid  in  explaining  the  greater  slip  of  the  forward  seams. 
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Fig.  4     Interior  View  of  Boiler  No.  4084  after  295  Lb.  Pressure  .Showing 
Scale  Disturbed  in  Vicinity  of  the  Longitudinal  Seams 


23  Hydrostatic  pressures  on  the  exterior  surfaces  of  the  tubes 
necessarily  extend  them  in  length.  The  amount  of  the  extension 
appears  to  depend  upon  their  position  with  reference  to  their  proxim- 
ity to  the  shell.  Tubes  adjacent  to  the  shell  extended  less  than  those 
at  the  middle  of  the  rows,  a  restraining  influence  from  the  shell  appear- 
ing to  affect  the  outer  ones. 

24  The  results  in  Table  2  were  obtained  by  measuring  the  tubes 
over  their  full  length. 

25  Practically  no  leakage  occurred  about  the  tubes  throughout 
the  test  of  this  boiler.  A  slight  leakage  took  place  at  two  tubes  at 
120  lb.  pressure,  but  soon  ceased  and  was  not  renewed  during  the 
remainder  of  the  test.  The  girth  seams  remained  tight  up  to  210 
lb.  pressure,  and  then  showed  only  small  leaks  which  were  not  mate- 
rially increased  under  the  higher  pressures. 

26  Leakage  at  the  longitudinal  seams  began  at  120  lb.  pressure 
and  increased  as  higher  pressures  were  applied.  The  leakage  became 
general  at  these  seams  with  180  lb.  pressure  on  the  boiler,  but  at 
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this  time  the  sHp  of  tlie  joints  had  become  a  pronounced  feature  of 
the  case,  which  necessarily  disturbed  the  calking. 

TABLE  2    EXTENSION  OF  TUBES,  BOILER  NO.  4084 


Third  Row- 

Seventh  Row 

Pressures 

Next  Shell 

Middle  of  Row 

Next  Shell 

Middle  of  Row 

210 

0.0110 

0.0162 

0.0077 

0.0167 

240 

0.0128 

0.0184 

0.0086 

0.0189 

270 

0.0142 

0.0210 

0.0099 

0.0210 

27  Upon  removal  of  the  dome,  evidence  of  overstraining  was 
found  at  its  base  next  the  flanged  portion.  The  scale  had  been  dis- 
turbed on  the  inside  on  the  line  and  in  the  vicinity  of  the  upper 
element  of  the  boiler,  as  shown  in  Fig.  3.  Near  the  flange  the  scale 
was  disturbed  in  oblique,  shearing  directions,  which  changed  to  longi- 
tudinal 'and  then  tangential  directions  a  little  farther  up  the  dome. 
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I  Fig.  5  Interior  View  of  Boiler  No.  4084^  after  295^Lb.  Pressure 
Showing  Scale  Disturbed  in  Vicinity  of  the  Longitudinal  Seam  and 
UNDER  Supporting  Lug 

28  Figs.  4  and  5  are  interior  views  of  the  boiler  illustrating  the 
manner  in  which  the  scale  was  disturbed  during  the  test  in  the  vicin- 
it}'  of  the  longitudinal  seams  and  under  one  of  the  lugs. 

29  Struts  were  used  under  the  middle  lugs  and  supported  a  part 
of  the  weight  of  the  boiler  during  the  test.     They  probably  intensi- 


1372  STRAIN    MEASUREMENTS    OF    STEAM    BOILERS 

fied  the  stresses  in  the  shell  in  that  vicinity.  The  interior  surface  of 
the  shell  and  also  the  heads  were  found  in  good  condition.  P^ig.  (> 
shows  the  appearance  of  the  inside  of  the  rear  head. 

30  A  series  of  six  photographs,  Figs.  7  to  12  inclusive,  shows  the 
appearance  of  the  exterior  surfaces  of  the  tubes.  The  system  of  let- 
tering and  numbering  the  horizontal  and  the  vertical  rows  is  indi- 
cated in  Fig.  6.     The  layout  of  the  feed  pipes  appears  on  Fig.  13. 

31  Tubes  in  the  horizontal  row  marked  D,  the  fourth  in  the  boiler 
from  the  top.  Fig.  7,  had  a  deposit  on  the  rear  third  of  their  length, 
and  also  a  slight  deposit  on  the  front  ends.  On  some  of  the  lower 
rows  the  deposit  was  thicker,  as  Figs.  8-12  indicate.  In  general 
the  deposit  was  greatest  in  the  lower  rows  of  tubes  and  on  those  far- 
thest from  the  shell,  being  confined  chiefly  to  the  rear  quarter  or 
half  of  their  lengths.  The  lower  rows  of  tubes,  at  the  front  end  of 
the  boiler,  had  a  deposit  on  them.  The  surfaces  of  the  upper  row 
and  the  side  rows  were  clean  without  deposit. 

32  Material  collected  from  the  bottom  of  the  boiler  at  the  front 
and  rear  ends  had  the  following  chemical  composition: 

Deposit  from  front  end  of  boiler:  Per  Cent 

Loss  at  105  deg.  cent 8.70 

Loss  on  ignition 26 .00 

SO3 4.10 

Silica 21 .  60 

FeaOa+AlaOs 25.40 

Lime 5.30 

Magnesia 13.10 

Copper  oxide  (about) 0.25 

CO2 slight  amount 

Chlorides trace 

Deposit  from  rear  end  of  boiler:  Per  Cent 

Loss  at  105  deg.  cent 9 .  65 

Loss  on  ignition 23 .  85 

SO3 trace 

Silica 27.60 

Fe203+Al203 24.80 

Lime 9.60 

Magnesia 12.70 

Copper  oxide  (about) 0.25 

Chlorides trace 

Carbonates small  amount 

33  Prior  to  testing  boiler  No.  4092,  it  was  stripped  of  its  dome  and 
manhole  frame  and  the  shell  patched  at  those  places.  The  heads 
were  strengthened  by  means  of  six  1  j-in.  braces  extending  from  head 
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to  head.  The  cast-iron  safety-valve  nozzle  was  allowed  to  remain 
in  place,  but  was  eventually  replaced  by  a  soft  patch,  after  300  lb. 
pressure  had  been  applied  and  released.  The  distortion  of  the  shell 
under  the  flange  of  the  nozzle  caused  leaks  impracticable  to  calk. 

34  Fig.  14  shows  the  boiler  when  about  ready  for  the  hydrostatic 
test.  It  was  supported  on  two  wooden  shoes  sawed  to  fit  the  curva- 
ture of  the  shell,  in  lieu  of  the  blocking  shown  in  the  illustration. 

35  The  gaged  lengths  which  were  established  on  the  right  side 
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Fig.  6  Inside  of  Rear  Head,  Boiler  No.  4084,  after  295  Lb.  Pressure. 
Letters  and  Figures  refer  to  Marks  Showing  Location  of  Tubes  in  Sub- 
sequent Photographs 


of  the  boiler  are  shown  in  this  figure  and  practically  stand  for  those 
on  the  left  side,  while  additional  ones  were  laid  off  on  the  top.  Figs. 
15,  16  and  17  show,  however,  the  different  gaged  length  on  each  side 
and  the  top.  Additional  gaged  lengths  were  laid  off  and  measured 
which  are  not  shown  on  these  diagrams,  the  results  of  which  confirmed 
those  which  will  be  referred  to.  There  were  165  gaged  lengths  used 
in  the  principal  series  of  observations,  on  which  some  3300  readings 
were  taken. 

36    The  general  results  of  the  strain  measurements  have  been 
plotted  on  a  series  of  ten  diagrams.  Figs.  18  to  27,  inclusive.     For  the 
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purpose  of  furnishing  a  convenient  basis  of  comparison,  in  judging 
the  behavior  of  the  boiler  at  cliff (irent  parts  and  under  different 
pressures,  heavy  lines  have  been  drawn  on  each  diagram  which  indi- 
cate strains  corresponding  to  those  which  would  be  displayed  by  the 


Fig.  13    Layout  op  Feed-Pipes 
Pipe  A    Discharged  directly  over  Tubes  of  Row  No.  5  at  Rear  End 
Pipe  JB    Discharged  directly  over  Tubes  of  Row  No.  12  at  Front  End 

TABLE  3    COMPUTED  STRESSES  ON  THE  SHELL  SHEETS,  BOILER  NO.  1092 


Boiler  Pressure, 

Lb. 

1 

Stress 

on  l-In.  Shell 

Lb. 

Strain  on  Gaged  Length 

per  Sq.  In. 

per  Sq.  In. 

of  10  In. 

30 

2880 

0.0010 

60 

5760 

0.0019 

90 

8640 

0.0029 

120 

11520 

0.0038 

150 

14400 

0.0048 

180 

17280 

0.0058 

210 

20160 

0.0067 

240 

23040 

0.0077 

270 

25920 

0.0086 

300 

1 

28800 

0.0096 

sheets  under  direct  tensile  stresses,  using  a  modulus  of  elasticity 
of  30,000,000  lb.  per  sq.  in.  Plotted  curves,  which  are  steeper  than 
the  modulus  of  elasticity  reference  line,  indicate  places  on  the  boiler 
having  greater  rigidity  than  normal  to  the  plain  sheets;  while  flatter 
curves  indicate  greater  extensibility  than  pertains  to  the  plain  metal. 
37  Tangential  rigidity  above  the  normal  was  displayed  in  the 
vicinity  of  the  girth  seams,  while  the  gaged  lengths  taken  across  the 
longitudinal  seams  at  the  middle  of  the  length  of  the  courses  showed 
a  much  lower  degree  of  rigidity  than  common  to  the  plain  sheet. 
Zones  of  greater  extension  than  normal  were  also  found  in  the  vicinity 
of  the  manhole  and  dome. 
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38  Flattening  of  the  curves  representing  the  solid  sheets  neces- 
sarily accompanied  those  pressures,  which  caused  a  tensile  stress  on 
the  shell  in  excess  of  its  elastic  limit. 

39  Table  3  shows  the  computed  stresses  on  the  shell  sheets,  con- 
sidering only  tangential  stresses  as  acting,  and  the  strains  which  should 


^ 


Fig.  15    Diagram  showing  Location  of  Gaged  Lengths,  10  in.  each, 
Laid  Off  on  Right  Side  on  Boiler  No.  4092 


■± 
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Fig.  16    Diagram    showing   Location    of   Gaged    Lengths,    10  in.    each, 
Laid  Off  on  Left  Side  of  Boiler  No.  4092 


he  developed  on  a  gaged  length  of  10  in.,  using  a  modulus  of  elastic- 
ity of  30,000,000  lb.,  the  interior  diameter  of  the  boiler  being  72  in. 
40     Referring  now  to  the  plotted  results.  Fig.  18  shows  the  tan- 
gential extensions  of  sheets  C  and  D  on  the  right  and  left  sides  of  the 


1380 


STRAIN    MEASUREMENTS    OF    STEAM    BOILERS 


boiler  respectively,  taken  at  the  middle  of  the  lengths  of  the  courses. 
Gaged  length  D-18,  on  the  right  side  of  the  boiler,  was  located  above 
the  longitudinal  seam,  while  C-16,  on  the  right  side,  was  located  below 
the  longitudinal  seam. 


Fig.  17    Diagram   showing   Location   of   Gaged   Lengths,    10  in.    each, 
Laid  Off  on  Top  of  Boiler  No.  4092 
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Fig.   18    Curves  of  Tangential  Extension,   Solid  Sheets,   at  Middle 
of  Length  of  Courses  C  and  D,  Right  and  Left  Sides  of  Boiler 


41  The  tangential  extensions  of  each  of  these  gaged  lengths  closely 
follow  the  modulus  of  elasticity  comparison  curve.  The  departure 
of  Z)-18  from  this  line  does  not  exceed  0.0002  in.  at  any  pressure,  and 
coincides  with  it  at  several  pressures.  The  extensions  displayed  by 
the  gaged  lengths  on  the  opposite  side  of  the  boiler  agreed  fairly  well 
with  the  modulus  of  elasticity  reference  line  also,  but  not  so  closely 
as  the  results  found  on  the  right  side,  while  rapid  extension  took 
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place  one  increment  of  pressure  earlier  than  on  the  right  side.     So 
close  a  correspondence  between  the   measured  and  the  computed 


0  .0010  20  30  40  30  60  70  eo  90      MOO 

O        .0010  20  30  40  SO  SO 

O        .0010  20 


Fig.  19    Curves  of  Tangential  Extension,  Solid  Sheets,  near  Girth 
Seams  and  at  Middle  of  Lengths  of  Courses 
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Fig.  20    Curves  of  Tangential  Extension,  Solid  Sheets,  End  Course 
E,  NEAR  Rear  Head,  Girth  Seam,  and  Middle  of  Length  of  Course 


strains  as  shoAvn  on  this  diagram  did  not,  however,  characterize  many 
places  on  the  shell.  Commonly  there  were  modifying  influences  which 
disturbed  the  normal  display  of  elastic  extensions  of  the  metal. 
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42     Fig.  19  shows  that  the  tangential  strains  near  the  girth  seams, 
D-5  and  D-9,  were  less  than  at  the  middle  of  the  course.     In  general 


00/0  20 


SO             60             70            SO            SO       .0100  NO 

.0010           20          30          ^O          JO           60  70 

0         .0010            20  30 

OTRAIN5  IN  iNCHtS 


Fig.  21  Curves  of  Tangential  Extension,  top  of  Boiler,  near  Front 
Head,  Girth  Seams,  Dome  and  Manhole  Patches,  and  Safety-Valvl 
Nozzle 


SrRAINi  IN  INCHEZ 

Fig.  22  Curves  of  Tangential  Extension,  across  Longitudinal  Seams, 
at  Middle  of  Length  of  Course  C,  and  at  Edges,  Right  and  Left  Sides 
of  Boiler 

this    behavior  was    shown    in    the  other  courses,  but  an  exception 
was  found  on  the  left  side  of  the  boiler  in  course  B  where  substan- 
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138.3 


tially  the  same  rigidity  was  displayed  at  the  middle  as  at  the  edges 
of  the  course. 


10  130  IM 


STRAlNb  //V  tNCH€5 

Fig.  23  Curves  of  Tangential  Extension,  across  Longitudinal  Seams, 
AT  Middle  of  Length  of  Course  D,  and  at  Edges,  Right  and  Left 
Sides  of  Boiler 


Fig.  24  Curves  of  Tangential  Extension,  across  Longitudinal  Seams 
AND  Solid  Sheets,  End  Course  A;  Extensions  near  Front  and  Girth 
Seam 

43 J^  In  the  third  group  of  curves  on  this  diagram,  however,  the  ex- 
tension of  Z)-16  taken  at  the  middle  of  the  course  is  seen  to  be 
greater  than  at  Z)-8  and  D-\2,  curves  representing  the  edges. 
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44     There  is  a  marked  difference  in  the  tangential  extension  of  the 
two  edges  of  the  end  courses  of  the  boiler,  due  to  the  influence  of  the 


0         .0010  20  30  40  SO  60  70  SO  90      .0100  110  IZO  /JO  lOO  TSO  TfO  170  ISO 

o      .0010         ?u        JO        40         SO        60         70         ao         90     joioo       110        120       /JO       no 
S  TRAINS  IN  Inches 

Fig.  25  Curves  of  Tangential  Extension,  across  Longitudinal  Seams, 
End  Course  E,  Extensions  near  Rear  Head  and  Girth  Seam  and 
Middle  of  Length  of  Course 
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Fig.  26  Curve  of  Tangential  Resilience,  across  Longitudinal  Seam, 
Course  D,  Right  Side  of  Boiler,  at  Middle  of  Course  and  near  Girth 
Seams 

heads  in  supporting  the  shells.  Fig.  20  shows  the  greater  rigidity  of 
gaged  lengths  £'-12  which  are  taken  nearly  over  the  rear  head,  than 
at  the  other  places,  which  were  measured  on  this  course. 


JAMES   E.    HOWARD  1385 

45  In  regard  to  the  top  of  the  boiler  there  were  many  disturbing 
factors  present,  as  indicated  by  Fig.  21.  The  first  course  is  a  short 
one  witli  th(^  front  head  to  stiffen  one  edge.  Then  came  the  dome  in 
the  original  construction  on  course  B,  which  was  patched,  and  the 
patch  double-riveted,  using  the  rivet  holes  that  were  made  for  secur- 
ing the  flange  of  the  dome  to  the  shell.  Course  C  had  the  manhole 
patcii,  a  shigle  riveted  one,  using  the  holes  made  for  securing  the 
manhole  frame  to  the  shell.  In  course  D  was  found  the  feedwater 
connection  which  probably  did  not  have  much  influence  on  the  behav- 
ior of  this  course  while  under  pressure.  Course  E  had  the  cast-iron 
safety-valve  nozzle  riveted  to  it,  which  did  seem  to  have  an  influence 
on  the  tangential  extension  of  the  steel,  permitting  greater  extension 
than  normal. 

46  The  extension  of  course  A  at  the  edge  over  the  front  head  was 
less  than  at  the  opposite  edge.  Gaged  lengths  5-52  and  B-57  showed 
the  influence  of  the  overlapping  metal  of  the  patch,  as  well  as  that  of 
the  girth  seams.  The  extension  at  these  two  places  was  less  than 
normal. 

47  At  the  side  of  the  manhole  patch,  C-58,  there  was  found  dimin- 
ished rigidity  in  the  shell.  The  weakness  of  this  single-riveted  patch 
was  apparent  in  the  measurements  from  the  earliest  pressures  which 
were  applied  to  the  boiler.  Conditions  about  the  safety-valve  nozzle 
did  not  seem  fully  to  compensate  for  this  opening  in  the  shell,  as 
shown  by  the  extensions  on  gaged  lengths  £'-63  and  £"-64. 

48  Referring  next  to  the  behavior  of  the  shell  at  the  seams, 
Fig.  22  shows  two  groups  of  curves  of  three  lines  each  which  repre- 
sent the  tangential  extensions  on  gaged  lengths  established  on  course 
C  taken  across  the  longitudinal  seam  at  the  middle  and  at  the  edges 
of  the  course. 

49  Curves  C-7  and  C-11,  representing  the  extension  at  the  edges 
of  the  course  on  the  right  side  of  the  boiler,  coincide  in  places  and 
show  but  slight  divergence  where  they  depart  most  from  the  same  line ; 
that  is,  they  indicate  that  uniform  behavior  was  displayed  at  the 
opposite  edges  of  this  course.  Each  deflect  rapidly  under  pressure 
above  150  lb.  per  sq.  in.,  corresponding  to  a  tensile  stress  of  14,400 
lb.  per  sq.  in.  on  the  solid  sheet. 

50  At  the  middle  of  the  length  of  the  course,  curve  C-15  showed 
an  increase  in  the  rate  of  extension  at  the  above-mentioned  pressure, 
and  for  each  succeeding  pressure  a  greater  extension  than  that  wit- 
nessed at  the  edges.  Necessarily,  variations  in  the  tangential  ex- 
tensions at  different  parts  of  the  length  of  a  seam   would   cause 
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variations  in  the  stresses  of  the  solid  metal  of  the  shell   in  those 
localities. 
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Fig.  27     Curves  of  Tangential  Extension,  Hand-Riveted  Section, 
Course  C,   Top  of  Boiler 


Fig.  28    Manhole  Patch  after  Rupture.     Maximum  Pressure  on  Shell 

335  Lb.  per  Sq.  In. 


51     In  tlie  case  of  a  three-course  boiler  with  one  sheet  to  a  course, 
as  found  in  current  construction,  it  would  seem  that  a  double-riveted 
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lap  joint  might  occasion  an  oxcossivo  stress  in  the  solid  sheet  abreast 
tiu'  end  of  the  seam,  under  certain  pressures. 

52  In  the  present  test  the  longitudinal  seams,  being  only  three 
rivet  jitches  apart,  furnish  a  line  from  front  to  rear  of  the  boiler 
across  which  the  extensions  are  greater  than  those  which  are  displayed 
by  the  solid  sheets. 

53  Fig.  23  shows  results  corresponding  to  those  of  Fig.  22  but  per- 
taining to  D,  the  next  course  of  the  boiler.  The  results  are  about 
the  same  on  each,  the  maximum  tangential  extensions  being  dis- 
played at  the  middle  of  the  length  of  the  seams. 

54  Fig.  24  shows  the  extension  of  end  course  A,  across  the  longi- 
tudinal seams  on  either  side  of  the  boiler  and  also  the  extension  of 


Z70.0083 


Fig.  31  Longitudinal  Strains,  on  Top  of  Boiler  in  Vicinity  of  Dome 
AND  Manhole  Patches,  on  Dome  Paich,  and  across  Girth  Seams,  at  90, 
180  AND  270  Lb.  Pressure 


the  solid  sheet  near  the  girth  rivets  of  the  front  head.  The  diver- 
gent curves  of  this  diagram  indicate  how  differently  in  degree  the  metal 
is  strained  at  the  several  gaged  lengths  of  this  narrow  course.  There 
seems,  however,  no  lack  of  consistency  in  the  behavior  of  the  metal. 
The  strains  were  relatively  such  as  would  be  expected  under  the  con- 
ditions present  in  this  part  of  the  boiler. 

55  The  strains  in  course  E^  at  the  rear  end  of  the  boiler  are  shown 
in  Fig.  25,  where  the  behavior  of  the  shell  was  found  to  be  similar  to 
that  at  the  front  end.  Notwithstanding  the  fact  that  the  results 
appear  consistent  and  the  relations  between  the  different  parts  of 
the  boiler  harmonious,  attention  is  attracted  by  the  variableness  of 
the  strains  as  they  are  found  developed,  according  to  the  position  of 
the  measured  lengths.  The  degree  of  variability  witnessed  in  this 
type  of  boiler,  which  is  certainly  one  of  plain  form,  is  such  as  to  excite 
speculative  interest  in  more  complicated  types. 
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56  The  results  of  the  diagrams,  Figs.  18-27,  refer  to  the  total 
extensions  of  the  gaged  lengths,  that  is,  they  include  the  elastic 
extensions  and  the  permanent  sets  when  sets  have  occurred.  The 
curves  in  Fig.  26  were  plotted  for  the  purpose  of  showing  the  elastic 


Fig.  39  Tangential  Stresses,  Lb.  per  Sq.  In.,  at  180  Lb.  Boiler  Pres- 
sure. Results  based  on  Resiliences.  Right  Side  op  Boiler.  Normal 
Computed,  Stress,  17,280  Lb.  per  Sq.  In. 


extensions  only,  or  what  is  equivalent  to  the  same,  the  resilience  of 
the  shell  taken  across  the  longitudinal  seam  of  course  D,  right  side. 
The  greater  resilience  of  gaged  length  Z)-15,  which  was  located  across 
the  longitudinal  seam  at  the  middle  of  its  length,  over  the  amount 
called  for  by  the  modulus  of  elasticity  curve  will  be  noted.     This  might 
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be  taken  to  indicate  an  intensity  of  stress  above  the  normal  in  the 
shell  in  that  vicinity,  or  it  ma/  mean  that  bending  and  shearing 
stresses  at  the  seam  in  addition  to  tensile  stresses  on  the  sheets  modi- 
fied the  results. 


Fig.  40  Tangential  Stresses,  Lb.  per  Sq.  In.  at  270  Lb.  Boiler  Pres- 
sure. Results  based  on  Resiliences.  Right  Side  of  Boiler.  Normal, 
Computed,  Stress,  25,920  Lb.  per  Sq.  In.  Gaged  Lengths  on  which  Decided 
Permanent  Sets  Occurred,  Indicated  by  a  Star 


Fig.  41  Tangential  Stresses,  Lb.  per  Sq.  In.,  at  90  Lb.  Boiler  Pres- 
sure. Results  based  on  Resiliences.  Left  Side  of  Boiler.  Normal, 
Computed,  Stress,  8640  Lb.  per  Sq.  In. 


57  The  interior  pressure  on  the  boiler  was  increased  from  300  lb., 
the  highest  indicated  on  the  diagrams,  to  335  lb.,  under  which  latter 
pressure  rupture  of  the  manhole  patch  occurred.  Three  of  the  rivets 
were  sheared  by  the  tangential  stress  of  the  shell,  followed,  apparently, 


1398 


STRAIN   MEASUREMENTS   OP   STEAM   BOILERS 


b}'  the  fracture  of  other  rivets  by  tension  on  the  stems,  which  pulled 
off  the  heads  and  finally  tore  the  shell  longitudinally  along  its  upper 
element,  starting  this  fracture  at  a  rivet  hole  of  the  manhole  opening. 
Fig.  28  shows  the  appearance  of  this  fracture. 


Fig.  42  Tangential  Stresses,  Lb.  per  Sq.  In.,  at  180  Lb.  Boiler  Pres- 
sure. Results  based  on  Resiliences.  Left  Side  of  Boiler.  Normal, 
Computed,  Stress,  17,280  Lb.  per  Sq.  In. 


Fig.  43  Tangential  Stresses,  Lb.  per  Sq.  In.,  at  270  Lb.  Boiler  Pres- 
sure. Results  based  on  Resiliences.  Left  Side  of  Boiler.  Normal, 
Computed,  Stress,  25,920  Lb.  per  Sq.  In.  Gaged  Lengths  on  which  Decided 
Permanent  Sets  Occurred,  Indicated  by  a  Star 


58  The  shell  was  repaired  by  cutting  out  a  portion  of  course  C, 
across  the  top  of  the  boiler  and  putting  in  a  section  the  full  length 
of  the  course  and  about  3  ft.  wide,  measured  on  the  arc.     This  new 
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section  was  double-riveted  to  the  shell  at  its  longitudinal  seams.  The 
rivets  Avere  jf  in.  in  diameter  and  had  a  pitch  of  2.87  in.  The  rows 
were  1.53  in.  apart,  with  rivets  staggered,  which,  were,  of  course, 
hand-driven.  The  points  of  the  rivets  were  hammered  down  to 
conical  shape,  low  in  height  and  with  thin  edges.  In  this  re- 
spect they  were  less  substantial  than  the  points  of  the  original 
machine-driven  rivets  of  the  seams. 


Fig.  44  Tangential  Stresses,  Lb.  per  Sq.  In.,  at  90  Lb.  Boiler  Pres- 
sure. Results  based  on  Resiliences.  Top  of  Boiler.  Normal,  Com- 
puted, Stress,  8640  Lb.  per  Sq.  In. 


B 


Fig.  45  Tangential  Stresses,  Lb.  per  Sq.  In.,  at  180  Lb.  Boiler  Pres- 
sure. Results  based  on  Resiliences.  Top  of  Boiler.  Normal,  Com- 
puted, Stress,  17,280  Lb.  per  Sq.  In. 


59  The  hand-driven  rivets  would  not  be  expected  to  hold  the  calk- 
ing as  well  as  the  machine-driven  rivets  by  reason  of  the  difference 
in  their  points,  and  the  test  showed  that  such  weakness  was  the  case. 

60  Diagram,  Fig.  27,  shows  the  behavior  of  the  seams  of  this 
new  section  of  course  C.  The  flatness  of  the  curves  indicate  how  early 
the.se  new  seams  began  to  display  rapid  extension,  and  with  so  decided 
a  movement  the  calking  was  soon  disturbed  and  copious  ieaks  started. 
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At  the  time  of  presenting  these  notes  no  higher  pressure  has  been 
reached  than  the  rupturing  of  one  of  335  lb.  previously  mentioned. 

61  The  strain  measurements  thus  far  described  were  those  which 
were  observed  on  tangential  gaged  lengths.  In  addition  to  this  as 
indicated  in  the  diagrams,  Figs.  15,  16  and  17,  there  were  longitudinal 
gaged  lengths  laid  off  on  the  shell  and  measured. 

62  In  a  plain  cylindrical  shell  the  tangential  extension  of  the  metal 
would  necessarily  be  attended  Avith  a  definite  amount  of  longitudinal 
contraction,  eliminating  the  effect  of  pressures  on  the  head.  The 
conditions,  however,  which  are  present  in  steam  boiler  construction 
will  generally  prevent  realizing  the  longitudinal  strains  which  would 
be  looked  for  in  a  plain  sheet. 


il. 


Fig.  46  Tangential  Stresses,  Lb.  per  Sq.  In.,  at  270  Lb.  Boiler  Pres- 
sure. Results  based  on  Resiliences.  Top  of  Boiler.  Normal,  Com- 
puted, Stress,  25,920  Lb.  per  Sq.  In.  Gaged  Lengths  on  which  Decided 
Permanent  Sets  Occurred,  Indicated  by  a  Star 


63  In  the  present  test  there  were  parts  of  the  boiler  nearly  free 
from  longitudinal  strains,  while  there  were  other  places  in  which  the 
strains  were  reversed,  and  longitudinal  extension  shown  instead  of 
longitudinal  contraction. 

64  In  order  to  determine  whether  the  action  immediately  at  the 
girth  seams  was  represented  by  the  10-in.  gaged  lengths  which  spanned 
them  symmetrically,  other  gaged  lengths  were  established  on  the 
shell  not  indicated  on  the  diagrams  herewith  presented.  These 
were  in  pairs,  one  being  wholly  on  the  solid  sheet,  the  other  just  step- 
ping on  to  the  adjacent  course.  The  observations  on  these  gaged 
lengths  lead  to  the  same  results,  however,  as  found  on  those  which 
symmetrically  spanned  the  seam. 

65  The  results  of  these  observations  showed  that  along  the  lower 
quarter  of  the  boiler  the  longitudinal  strains    were   contractions; 
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while  along  the  upper  quarter  they  were  in  part  contractions,  and]in 
part  extensions.  The  strains  observed  at  270  lb.  pressure  are  entered 
on  two  liglitly  ])rinted  photographs,  Figs.  29  and  30.  In  Fi^.  29  are 
shown  the  strains  which  were  measured  on  gaged  lengths  1  an  1  3, 
taken  on  the  solid  sheets  at  the  middle  of  the  lengths  of  the  courses. 
In  Fig.  30  are  shown  the  strains  which  were  measured  on  gaged  lengths 
2  and  4,  taken  across  the  girth  seams.  Minus  signs  before  the  figures 
indicate  contractions  while  plus  signs  indicate  extensions. 

06  It  will  be  observed  that  the  lower  part  of  the  shell  contracted 
longitudinally,  notwithstanding  the  fact  that  the  tubes  were  extended 
by  reason  of  the  exterior-  pressures  to  which  they  were  subjected. 


Fig.  47     LAiMELLAR  Appearance  of  Metal,  Sheet  C,  Fractured  by  Bend- 
ing WHILE  at  a  Blue  Heat 


67  This  behavior  calls  for  bending  at  the  flanges  of  the  heads  to 
compensate  for  the  difference  in  direccion  of  these  movements.  The 
six  through  braces  would  relieve  the  shell  of  a  portion  of  the  longi- 
tudinal tension  coming  from  the  heads  in  the  upper  half  of  the  boiler. 

68  Longitudinal  gaged  lengths  on  the  upper  part  of  the  shell 
showed  diminished  contractions  over  those  observed  on  the  lower 
portion,  or  displayed  strains  of  extension.  On  the  very  top  of  the 
boiler  the  strains  were  extensions  of  a  pronounced  order, 

69  It  was  found  on  diagonal  gaged  lengths,  laid  off  on  courses 
B  and  D,  upper  quarter  of  the  boiler,  that  greater  extensions  were 
displayed  on  the  converging  diagonals  over  those  of  diverging  direc- 
tions. The  converging  diagonals,  at  270  lb.  pressure,  extended  0.0047 
in.  and  0.0042  in.  respectively,  against  0.0036  in.  and  0.0028  in.  dis- 
played on  the  diverging  gaged  lengths. 
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70  The  location  of  the  diagonal  gaged  lengths  on  course  D  are 
shown  in  Fig.  14,  similar  lengths  having  been  laid  off  on  course  B. 
These  results  are  entered  in  Fig.  30,  in  addition  to  the  longitudinal 
strains.  The  longitudinal  strains,  all  being  those  of  extension,  observed 
on  the  top  of  the  boiler,  have  been  entered  on  diagram,  Fig.  31.  The 
strains  for  each  pressure,  90,  180,  and  270  lb.  respectively,  are  given. 
The  range  and  variability  of  these  measurements  are  seen  to  be 
very  pronounced. 

71  A  series  of  lightly  printed  photographs.  Figs.  32  to  37  inclusive, 
are  presented,  on  which  are  entered  the  measured  tangential  strains 
observed  at  pressures  of  90,  180  and  270  lb.  respectively. 

72  The  strains  observed  on  both  the  right  and  the  left  sides  are 
entered,  however,  on  prints  representing  the  right  side  of  the  boiler. 
It  will  be  understood  that  the  longitudinal  seams  of  the  left  side 
were  the  reverse  of  those  on  the  right  side  as  regards  their  respective 
heights.  That  is,  on  the  left  side  the  seams  of  course  B  and  D,  were 
three  rivets  above  instead  of  three  rivets  below  the  others,  as  shown 
in  illustrations  of  the  right  side.  The  tangential  strains  called  for  by 
computation  based  on  a  30,000,000  modulus  of  elasticity  are  stated 
for  each  pressure  in  the  captions  of  the  figures. 

73  The  range  in  measured  strains  above  and  below  the  computed 
amount  will  be  noted  upon  inspection  of  Figs.  32-37.  The  strains  were 
least  in  amount  at  the  heads,  and  generally  greater  rigidity  was  dis- 
played at  the  intermediate  girth  seams  than  in  the  solid  sheets,  under 
the  earlier  pressures.  At  the  middle  of  the  length  of  the  longitudinal 
seams  the  maximum  extensions  were  developed,  witnessed  in  this 
examination  of  the  behavior  of  the  shell. 

74  The  results  thus  far  presented,  with  the  exception  of  those  on 
Fig.  26,  have  included  both  the  elastic  strains  and  the  permanent 
sets  of  the  different  measured  lengths. 

75  The  permanent  sets  have  been  subtracted  from  the  extensions 
and  the  stresses  corresponding  to  these  resiliences  computed,  and 
the  results  entered  on  another  series  of  diagrams,  Figs.  38  to  46 
inclusive.  These  results  show  the  tangential  stresses  in  pounds  per 
square  inch  which  were  found  in  different  parts  of  the  solid  sheets 
of  the  shell,  when  the  boiler  was  subjected  to  pressures  of  90,  180  and 
270  ib.,  respectively. 

76  In  looking  over  those  results  the  usual  influence  of  longitudi- 
nal seams,  such  as  were  used  in  this  boiler,  in  intensifying  the 
tangential  stresses  in  the  adjacent  solid  sheets,  may  be  pointed  out. 
The  excessive  stress  at  the  side  of  the  single-riveted  manhole  patch  is 
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clearly  shown  in  the  results.  The  high  stresses  at  the  sides  of  the 
safety-valve  nozzle  under  the  maximum  pressure  will  also  be  noted. 

77  While  the  results  are  consistent,  nevertheless  as  an  engineering 
structure  the  distribution  of  stresses  exhibits  a  range  far  beyond  that 
which  is  expected  in  other  classes  of  constructive  work.  The  type 
of  boik^r  being  one  of  the  simplest,  the  extension  of  this  method  of 
test  to  other  types  would  seem  desirable.  Such  tests  might  assist 
in  establishing  satisfactory  rules  for  steam  boiler  construction  and 
might  reasonably  be  expected  to  aid  in  the  framing  of  regulations 
governing  allowable  pressures. 

78  Additional  tests  were  carried  out,  in  which  the  effect  of  changes 
in  the  manner  of  supporting  the  boiler  was  inquired -into.  It  was  sup- 
ported on  the  four  end  lugs  in  one  test,  and  again  in  another  test 
most  of  the  weight  was  carried  by  the  middle  lugs.  In  each  case 
there  was  a  modification  in  the  measured  strains,  although  not  in  a 
marked  degree.  At  the  end  of  the  test  the  several  courses  were  seen 
to  have  been  visibly  extended  in  diameter  between  the  girth  seams. 

79  The  chemical  composition  of  the  steel  in  course  C,  was  as  fol- 
lows : 

Carbon 0.22 

Manganese 0.43 

Silicon 0.046 

Sulphur 0.028 

Phosphorous 0.043 

It  is  recalled  that  this  particular  brand  of  steel,  at  the  time  of  its 
manufacture  was  not  infrequently  found  to  possess  a  decidedly  lam- 
inated structure.  The  laminations  were  not  large,  nor  likely  to  cause 
blisters  in  the  boiler,  but  they  were  in  places  quite  numerous. 

80  The  metal  from  course  C,  the  only  sheet  yet  examined,  was 
found  to  have  a  laminated  structure.  Fig.  47  shows  the  appearance 
of  some  fractured  strips  from  this  course,  which  were  bent  while 
at  a  blue  heat,  in  order  to  develop  the  lamination  of  the  plate  in  a 
pronounced  manner.  The  metal  drifts  well,  a  |-in.  diameter  punched 
hole  having  been  drifted  cold  to  Ij-in.  diameter  without  rupture. 

81  The  services  of  Mr.  P.  W.  Brunner,  and  J.  W.  Herrity  are 
acknowledged,  whose  skill  as  manipulators  is  shown  by  the  internal 
evidence  of  reliability  which  these  measurements,  taken  by  them, 
furnish. 


SOME   EXPERIENCES  WITH  THE  PITOT  TUBE 
ON  HIGH  AND  LOW  AIR  VELOCITIES 

Frank  H.  Knee  land 

ABSTRACT   OF   PAPER 

This  paper  relates  to  the  use  of  the  Pitot  tube  for  the  measurement  of  flow 
of  large  volumes  of  air.  The  tests  were  made  at  plants  of  the  United  States 
Coal  &  Coke  Company,  Gary,  W.  Va.,  largely  in  connection  with  the  flow  of 
air  through  an  experimental  pipe  line  erected  for  the  study  of  the  problem  of 
conveying  coal  by  means  of  an  air  blast.  Other  tests  were  made  in  mine  head- 
ings and  in  measuring  the  discharge  from  fan  chimneys.  Six  different  types  of 
Pitot  tubes  were  employed.  The  paper  discusses  the  practical  use  of  the  Pitot 
tube  and  gives  formulae  applicable  to  it. 
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SOME    EXPERIENCES  WITK  THE  PITOT  TUBE 
ON  HIGH  AND  LOW  AIR  VELOCITIES 

By  Frank  H.  Kneeland,  Gary,  W.  Va. 
Junior  Member  of  the  Society 

As  is  well  knowai  the  Pitot  tube  is  an  instrument  for  measuring  the 
velocity  of  moving  fluids.  Its  general  principle  is  well  understood; 
but  we  believe  that,  possibly  on  account  of  fancied  difficulties  in  its 
manipulation,  it  has  never  received  the  thoughtful  consideration 
from  the  majority  of  engineers,  nor  been  put  to  the  practical  use  to 
which  its  merits  justly  entitle  it.  This  paper,  therefore,  will  deal 
rather  more  with  the  practical  side  of  the  instrument  than  w^ith  the 
theoretical. 

2  The  tests  herein  described  were  made  in  part  in  connection  with 
the  flow  of  air  through  an  experimental  pipe  line  erected  for  the 
study  of  the  problem  of  conveying  coal  by  means  of  an  air  blast. 
The  idea  of  transporting  coal  by  this  means  from  the  workings  of  the 
mine  to  a  tipple  or  bin  is  not  a  new  one,  several  patents  having  been 
issued  for  such  schemes.  During  the  spring  of  1909  one  of  the  officials 
of  the  United  States  Coal  &  Coke  Company  conceived  the  idea  of 
transporting  the  coal  cut  by  a  mining  machine,  by  means  of  suction, 
on  a  principle  similar  to  the  Darley  ash  conveyor,  or  the  better  known 
vacuum  carpet  sweeper.  Under  certain  conditions,  this  method  of 
mining  possesses  many  obvious  advantages  over  present  practice. 

3  After  carefully  studying  this  problem  in  the  light  of  available 
data,  it  appeared  so  good  on  paper  that  it  was  deemed  justifiable  to 
build  an  experimental  plant  for  the  purpose  of  determining: 

a  The  velocity  of  air  current  necessary  to  carry  coal  in  pipes 

of  a  given  diameter. 
h  The  amount  of  coal  which  could  be  transported  by  a  given 

amount  of  air,  in  pipes  of  given  diameter,  but  at  varying 

velocities. 


The  American  Society  of  Mechanical  Engineers,  29    \\{\<\  39th   Street-, 
New  York.     All  papers  are  subject  to  revision. 
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c  The  loss  of  pressure  due  to  friction  of  air  in  the  pipes  while 
carrying  coal. 

4  Accordingly  the  plant  shown  in  plan  and  profile  in  Fig.  1  was 
constructed.  It  consisted  essentially  of  a  mining  machine,  a  mine 
pipe  for  transporting  the  coal,  a  suction  head  to  separate  the  coal  from 
the  air  and  a  positive  blower,  or  rather  a  ''sucker,"  for  creating  the 
air  blast.  The  mining  machine  above  referred  to  cut  the  coal  in 
sizes  ranging  from  fine  powder  to  lumps  equivalent  to  about  2-in. 
cubes.  The  machine  used  in  our  experiments  was  originally  designed 
for  loading  the  coal  into  mine  cars  and  was,  therefore,  equipped  with 
a  conveyor  extending  from  its  rear  end.  In  our  early  experiments, 
it  discharged  its  coal  into  a  hopper  mounted  on  6-in.,  8-in.  or  12-in. 
ordinary  wrought-iron  pipe,  as  shown  in  Fig.  2.  Later  on  it  was 
arranged  to  discharge  into  a  pipe  of  rectangular  section,  with  approx- 
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Fig.  1     Plan  and  Profile  of  Experimental  Pipe  Lines 

imately  the  same  area  as  the  24-in.  mine  pipe.  As  will  be  seen  in 
Fig.  2,  above  mentioned,  only  two  pipes  were  used  at  a  time,  one 
carrying  the  coal  and  the  other  for  the  purpose  of  "spilling  in"  air 
to  the  24-in.  main  mine  pipe,  to  which  the  two  smaller  pipes  were  con- 
nected by  means  of  a  plate  flange.  The  24-in.  mine  pipe  was  made  up 
of  30-ft.  sections,  except  sections  of  special  length,  of  which  three  were 
used.  Each  section  was  composed  of  six  plates,  each  plate  extending 
throughout  the  complete  circumference  and  being  lapped  and  riveted 
at  the  joint.  Each  of  these  longitudinal  seams  were  placed  180  deg. 
from  those  of  the  plates  next  joining  it.  All  transverse  or  girth  seams 
were  single  riveted  at  the  joints;  all  edges  of  plates  inside  the  pipe 
were  beveled  and  all  rivets  countersunk  on  the  inside.  Each  section 
or  length  of  pipe  was  provided  with  wrought-iron  flanges  at  each  end 
riveted  to  the  pipe,  the  flange  rivets  being  countersunk  on  the  inside 
like  all  the  others.  The  sections  were  put  together  with  g-in.  rubber 
gaskets  between  all  flanges,  Avhich  made  an  extremely  tight  mine 
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pipe  and  one  on  which  repeated  tests  us  the  work  progressed  failed 
to  show  anj^  perceptible  leakage. 

5  The  outer  or  tipple  end  of  this  mine  pipe  was  connected  with  a 
square  wooden  suction  head.  At  the  upper  end  of  the  suction  head  a 
36-in.  cast-iron  pipe  connected  it  to  a  No.  11  Roots  positive  blower. 
This  machine  was  driven  through  g(^aring  by  two  200-h.p.  720-r.p.m. 
induction  motors.  Two  ratios  of  gearing  were  employed,  one  driving 
the  bloAver  somewhat  below  90  r.p.m.  and  the  other  somewhat  above 
100  r. p.m.  The  normal  displacement  of  the  blower  was  300  cu.  ft.  per 
revolution.  This,  however,  was  when  the  machine  was  operating 
under  no  pressure.  Fig.  3  shows  its  capacity  in  cubic  feet  of  free  air 
l)er  revolution  under  varying  vacua.  In  the  36-in.  pipe  line  and 
directly  above  the  blower  was  a  36  in.  by  16  in.  by  36  in.  tee  with  its 
16-in.   branch  looking  up.      On  the  upper  flange  of  this  tee  was 


Fig.  2    Arrangement  of  8-in.  and  12-in.  Pipes  and  Hopper  at  End  of 

24-iN.  Pipe  Line 

mounted  a  16-in.  straightway  valve,  upon  which  was  placed  a 
length  of  16-in.  pipe  somewhat  over  12  ft.  long.  The  whole  external 
arrangement  except  the  motors  and  gearing  may  be  clearly  seen  in 
Fig.  4. 

6  The  experimental  plant  has  been  carefully  described  in  order 
that  the  manipulation  of  apparatus,  etc.  may  be  clearly  understood. 
The  velocity  of  air  in  a  pipe  carrying  coal  or  other  foreign  substances 
cannot  be  measured  by  any  direct  means,  and  we,  therefore,  had  to 
resort  to  indirect;  that  is  to  say,  to  determine  the  capacity  of 
the  blower  per  revolution  and  deduct  from  the  quantity  handled  by 
the  blower,  the  sum  of  the  leakage  and  admission  of  air  other  than  that 
through  the  mine  pipe  carrying  the  coal.  The  resulting  quantity 
was,  of  course,  that  passing  through  the  coal-carrying  pipe.  There 
were  four  points  or  places  of  admission  of  air,  namely,  the  coal  pipe. 
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the  admission  pipe  parallel  to  it,  the  admission  above  the  blower, 
and  the  suction  head.  Although  this  suction  head  was  built  up  of  a 
double  thickness  of  tongued  and  grooved  flooring  with  all  joints  laid 
in  white  lead,  it  leaked  considerably  and  it  became  necessary  before 
the  experiments  were  over  to  cover  the  whole  structure  completely 
with  tar  paper  laid  in  thick  tar  paint.  Tests  for  leakage  in  this  part 
of  the  apparatus  were  run  at  frequent  intervals  and  corrections  made 
for  it  in  all  calculations.  It  was  necessary  then  while  using  the  two 
pipes  at  the  end  of  the  mine  pipe,  to  measure  the  velocity  of  the  air 
at  two  places,  in  one  of  the  pipes  above  mentioned  and  in  the  pipe 
above  the  blower.  In  order  that  all  observations  might  be  taken 
simultaneously,  a  system  of  signals  was  installed  whereby  the  closing 
of  a  small  knife  switch  at  a  point  near  the  mining  machine  flashed 


W^90 
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^ 
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CD 

~^  160 

^^ 

^. 

■5 
O 
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Vacuum,  inches  mercury 

Fig.  3    Curve  for  Discharge  of  Roots  Blower  per  Revolution  at 

Various  Vacua 


ordinary  incandescent  lamps  in  front  of  each  observer,  both  inside 
and  outside  the  mine.  Not  only  were  observations  taken  on  the 
velocity  of  air  but  also  at  three  different  points  on  the  vacuum  as 
well.  A  direct-reading  water  manometer  was  connected  to  the  24- 
in.  i3ipe  a  short  distance  behind  the  mining  machine;  a  differential 
mercury  manometer,  multiplying  five  times,  was  attached  to  the  24-in. 
pipe  just  outside  its  connection  with  the  suction  head,  as  shown  at 
A  in  Fig.  4,  and  an  ordinary  direct-reading  U-tube  manometer  attached 
to  the  36-in.  pipe  a  short  distance  above  the  blower,  as  shown  at  B 
in  Fig.  4.  In  addition  to  the  manometers  above  mentioned,  there 
were  used  in  connection  with  the  Pitot  tubes  glass  manometers  of  the 
U-type  where  one  leg  is  enclosed  within  the  other.  These  instruments 
were  16  in.  long  and  provided  with  scales  reading  to  one-tenth  of  an 
inch.     Either  water  or  mercury  was  used  as  a  working  fluid,  depend- 
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ing  upon  the  velocity  of  the  air  being  measured.  Althougli  not 
appearing  on  the  data  sheets,  corrections  were  always  made  for 
capillarity  of  the  fluid  in  the  manometers. 

ON  THE  USE  OF  THE  PITOT  TUBE 

7  In  general  the  Pitot  tube  consists  essentially  of  two  devices: 

(a)  for  converting  the  energy  of  a  moving  fluid  into  a  pressure;  and 

(b)  for  measuring  the  pressure  on  the  fluid  under  consideration. 
In  this  paper  the  first  will  be  known  as  the  Dynamic  Nozzle  and 
the  pressure  registered  by  it  will  be  called  the  Dynamic  Head;  and 
the  second  as  the  Static  or  Piezometer  Nozzle  and  the  pressure 
registered  by  it  will  be  called  the  Static  Head.  In  our  work  at 
Gary,  we  used  six  tubes  of  three  distinct  types,  shown  in  Fig.  5, 
known  as  the  United  States  No.  1,  the  Gebhardt  Nos.  1  and  2, 
and  the  Taylor  Nos.  1,  2  and  3.  The  United  States  No.  1  tube 
was  made  at  our  own  shops  and  consisted  of  the  dynamic  nozzle 
A  and  the  static  nozzle  B.  In  use  the  dynamic  nozzle  was 
placed  in  the  holder  C,  which  was  screwed  firmly  into  the  wall 
of  the  pipe  in  which  a  test  was  being  made.  It  was  clamped  into 
the  holder  by  the  small  set  screw  shown  in  the  drawing,  (Fig.  5).  The 
static  nozzle  was  screwed  into  the  wall  of  the  pipe,  like  the  holder 
above  mentioned,  until  its  inner  end  came  flush  with  the  inner  surface 
of  the  pipe.  The  static  and  dynamic  nozzles'  of  this  tube  were  always 
placed  on  the  same  girth  line  of  the  pipe  and  approximately  90  deg. 
from  each  other.  The  Gebhardt  tubes,  designed  by  Prof.  G.  D.  Geb- 
hardt and  purchased  from  the  Armour  Institute  of  Technology, 
were  practically  identical  with  each  other.  They  had  been  carefully 
calibrated  and  re-calibrated  in  gas  mains  and  were  said  by  their  de- 
signer to  possess  a  coefficient  of  unity.  It  will  be  observed  that  the 
static  nozzles  of  these  tubes  were  beveled;  this  was  done  in  order  to 
avoid  aspiration  in  this  part  of  the  tube.  In  a  paper"-  entitled  The 
Pitot  Tube  as  a  Steam  Meter,  when  speaking  of  the  beveling  of  the 
static  nozzle  of  the  tube  to  prevent  aspiration.  Professor  Gebhardt 
stated  that  further  experiments  were  necessary  to  show  whether  any 
fixed  angle  is  applicable  to  all  velocities.  Our  experiments  would 
bear  out  the  above  statement  as  this  seems  to  be  the  weak  or  inac- 
curate part  of  the  apparatus.  The  other  details  of  the  tube  are 
shown  with  sufficient  clearness  in  the  drawing. 

8  The  Taylor  tubes  were,  like  the  Gebhardt  tubes,  practically 

'  Trans.  Am.Soc.M.E.,  vol.  31,  p.  tOl. 
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identical  with  each  other.  These  tubes  were  kindly  loaned  to  us  by 
Capt.  D.  W.  Ta3'lor,  naval  constructor  at  the  United  States  Navy 
Yard,  Washington,  D.  C,  and  had  been  used  very  successfully  in 
testing  ventilating  fans  for  warships.  This  type  of  tube  was  very 
much  more  difficult  to  manipulate  than  the  other  two.  Due  to 
its  shape,  it  had  to  be  adjusted  with  extreme  care  when  dealing 
with  the  high  velocities  employed  by  us,  and  at  such  times  the  writer 
and  his  associates  were  in  constant  fear  lest  its  long  point,  or  nose. 


Gebhardt    Pitot  Tube  Ns  I 

Static  opening,  ijin  slot  about 
Zjin  long  on  botti  sides 


Cross  sedion  of  Taylor  Pitot  Tube  N^ 


^^^^ 


Material,  seamless,  cold  drawn  steel 


^M^^^m 


Dynamic  Nozzle,  'A 


-H 


Static  Nozzle.  'B' 


Holder.  X" 
US  Pitot  Tube  N5  L 
Fig.  5    Types  of  Pitot  Tubes  Used 


be  turned  sidewise  and  the  tube  capsize,  so  to  speak.  Fortunately 
no  such  accident  occurred,  but  it  is  possible  that  some  of  the  erroneous 
readings  of  these  tubes  may  have  been  caused  by  the  tube  taking  a 
slightly  sidewise  position  when  subjected  to  the  enormous  wind  pres- 
sures developed.  It  might,  also,  be  mentioned  that  we  made  three 
other  tubes,  none  of  which  were  ever  used  on  account  of  their  large 
size  and  consequent  clumsiness  and  difficulty  of  manipulation.  Also 
in  one  test  five  dynamic  nozzles  were  used,  similar  to  those  of  the 
United  States  No.  1  tube,  arranged  one  in  each  of  the  five  positions 
shown  in  Table  1. 
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9  These  five  nozzles  were  connected  to  the  automatic  averaging 
block  shown  in  Fig.  6,  which  in  turn  was  connected  to  a  manometer. 
The  static  pressure  was  obtained  from  a  static  nozzle  exactly  similar 
to  that  of  the  United  States  No.  1  tube.  This  arrangement  of  the 
apparatus,  although  apparently  possessing  some  advantages  over  the 
ordinary  method,  is  not  only  rather  clumsy  but  is  also  inherently 
inaccurate,  since  the  average  velocity  in  a  pipe  is  not  dependent  on 
the  square  root  of  the  average  dynamic  pressures  obtained  at  any 


'^///^///////////\y///////////A^//^^^^^^ 


Sec  fion  through  cen  fer  I ~-  li' ' 

Fig.  6    Automatic  Averaging  Manometer 


End  View 


given  number  of  points,  but  upon  the  average  square  roots  of  these 
pressures.  It  will  also  be  seen  that  the  liability  of  errors  caused  by 
leakages  in  the  joints  between  the  instrument  and  rubber  tubing  con- 
necting it  to  its  averaging  block  and  manometer  is  at  least  six  times 
as  great  in  this  apparatus  as  in  the  simpler  tubes. 

11  To  obtain  the  average  velocity  existing  in  a  pipe  from  the  us(^ 
of  a  Pitot  tube,  recourse  may  be  had  to  two  methods.  The  first 
of  these  is  to  divide  the  diameter  of  the  pipe  into  a  given  number  of 
equal  parts  and  take  one  or  more  readings  at  each  division  point. 
Thus,  supposing  the  work  is  being  done  with  a  16-in.  pipe,  the  tube 
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would  first  be  placed  as  near  the  side  wall  of  the  pipe  as  possible  and 
a  reading,  or  a  series  of  readings,  taken.  It  would  then  be  placed, 
say  1  in.  from  the  side  wall  and  an  equal  series  of  readings  taken, 
and  so  on  across  the  diameter  of  the  pipe.  The  average  velocity 
would  then  be  considered  as  the  average  of  the  different  velocities 
obtained  at  the  several  points  of  observation.  It  will  readily  be 
seen  that  this  average  is  not  strictly  true,  since  the  outer  rings  of 
the  cross-section  are  of  equal  width  with  the  inner  ones,  consequently, 
they  are  unequal  in  area,  yet  all  were  given  equal  weight  in  the  cal- 
culations. The  second,  and  better  method,  is  to  divide  the  cross- 
section  of  the  pipe  into  a  given  number  of  equal  areas  and  place  the 
dj-namic  nozzle  of  the  tube  in  the  center  of  gravity,  so  to  speak,  of  the 
circle  being  tested.  To  again  illustrate :  The  pipe  used  above  the 
blower  in  our  experiments  had  an  external  diameter  of  16  in.,  the 
wall  being  I  in.  thick.  This  gave  an  internal  diameter  of  15|  in.  and 
an  area  of  188.69  sq.  in.     Dividing  this  into  five  equal  parts, each 

TABLE  1    PIPE  SIZES  AND  POSITIONS  OF  TUBE 
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part  would  have  an  area  of  37.738  sq.  in.  Taking  the  first  position 
of  the  Pitot  tube  at  the  center  of  the  pipe,  we  assume  that  the  velocity 
of  air  is  constant  over  the  circle  or  disc  whose  area  is  37.738  sq.  in. 
The  second  iDosition  of  the  tube  is  found  by  dividing  the  next  ring 
or  part  into  two  ecjual  areas  and  adding  one  of  these  to  the  central 
disc,  and  finding  the  radius  of  this  sum.  In  the  above  case  expressed 
mathematically  this  becomes 

_  _„   ,   37.738 
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12     These  positions  for  the  different  sized  pipes  used,  as  well  ns  the 
principal  dimensions  of  the  pipes,  are  shown  in  Table  1. 


15000    ^^^  ^^^   ^^^^    ^^p  ^5j  ^„o     ^gp  ^w  yn 

Positions  of  Tubes 
Vie.  7     Curves   showing  Velocity  Changes  across  Diameter  of  Pipe 
WITH  Gebhardt  No.  1  and  United  States  No.  1  Pitot  Tubes 
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Positions  of  Tubes 

Fig.  S    Showing  Velocity  Changes  across  Diameter  of  Pipe   with 

Gebhardt  No.  1  and  Taylor  No.  1  Pitot  Tubes;  also 

Velocity  as  shown  by  Blower 

13  In  Figs.  7,  8  and  9  are  plotted  the  results  of  tests  in  the  16-in. 
pipe  above  the  blower  showing  how  the  velocities  var,y  across  the 
diameter  of  the  pipe  as  determined  by  the  different  tubes  used.  The 
data  sheets  from  which  these  curves  are  plotted  are  found  in  the  ap- 
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pendix.     These  are  typical  and  fair  averages  of  all  tests  made  on  the 
different  sized  pipes  used. 

14     The  common  formula  for  the  Pitot  tube  is 


where 


V  =  V2gh 

V  =  velocity  in  ft.  per  sec. 

g  =  acceleration  due  to  gravity  in  ft.  per  sec. 

h  =  head  in  ft.  causing  flow 
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Positions  of  Tubes 

Fig.  9    Curves  showing  Velocity  Changes  across  Diameter  of  Pipe 
WITH  Gebhardt  No.  1  and  United  States  No.  1  Pitot  Tubes 


But  in  air  measurement  h  is  a  head  of  air  in  feet  but  is  measured  by 
h\,  which  is  a  head  of  w^ater  (or  mercury)  in  inches.  Denoting  the 
weight  of  the  air  per  cubic  feet  by  iv,  taking  the  density  of  water  as 
62.4  lb.  per  cu.  ft.  and  letting  V  =  velocity  of  flow  in  ft.  per  min. 
we  have 

T'  =  m  V2gh 


Now 


=  60  \ 

=    A-  vli. 


2  X  32.16  X  62.4  X  h^ 

12  Xi^ 


w 


1.3253X5 
459.2 +  T 
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where 

B   =  height  of  barometer 
T  =  temperature,   (leg.   fahr. 

1.3253  =  weight  in  lb.  of  459.2  cu.  ft.  of  air  at  0  dcg.  fahr. 
and  1  in.  barometric  pressure.^  This  gives  the  weight  of 
dry  air. 

15  In  the  Smithsonian  Meteorological  Tables^  a  formula  is  given 

for  the  weight  of  humid  air  which,  changing  metric  to  English  units, 

is 

0.080723  b  -  0.378  e 

^  ^  lToy0020389  (t-  32)  ^       29.921 

where  t  is  temperature  deg.  fahr.,  6  is  corrected  height  of  barometer  in 

inches  of  mercury,  and  e  is  the  pressure  due  to  the  vapor  in  the  air 

in  inches  of  mercury. 

16  This  formula  was  used  for  determining  the  weight  of  air  in  all 
of  our  calculations;  the  humidity  of  the  air  being  determined  by  psy- 
chrometric  observations  and  the  use  of  the  Smithsonian  tables  above 
referred  to. 

17  In  a  paper  entitled  Experiments  with  Ventilating  Fans  and 
Pipes^  Capt.  D.  W.  Taylor,  naval  constructor,  gives  an  exact  formula 
for  the  Pitot  tube.  The  following  is  quoted  in  part  from  Captain 
Taylor 

oi^  -  %2  ^    jj_    y  ^  1 1  _  (P}" 
2g  2/  -  1        PA         \v 

where 

?»i    =  velocity  in  ft.  per  se(^  at  a  j^oint  where  the  pressure  = 
pi  in  lb.  per  sq.  ft.,  j)o  =   j^ressure  in  11).  per  sq.  ft.  at 
any  other  point 
%    =  velocity 
and 

P2  =  weight  in  lb.  per  cu.  ft.  where  pressure  =  ih 

y    =  ratio  between  specific  heats  of  air  under  constant  nres- 

sure  and  constant  volume  =  1.408 
g    =  acceleration  due  to  gravity  in  ft.  per  sec. 

18  Now  if  p2  is  the  pressure  at  the  impact  opening  of  the  Pitot 
tube,  Vi  =  0.  Also  take  pi  as  the  pressure  in  the  unchecked  stream 
measured  by  the  manometer  connected  with  the  pressure  openings 
on  the  side  of  the  Pitot  tube.     Also  let  /^a,  Pa,  Ta.  be  the  pressure, 

1  Kent's  Mechanical  Engineers  Pocket  Book,  ed.  7,  p.  4S1. 

2  p.  55. 

^  Society  of  Naval  Arch,  and  Marine  Engrs.,  1905,  p.  35. 
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weight  per  cubic  foot  and  absolute  temperature  of  the  atmosphere; 
Ti  and  T-^  absolute  temperatures  corresponding  to  pi  and  7>2.     Then 

V2     ^      Pi     ^      Pa     ^ 
P,T.        P,T,       P,T,       ' 

and  from  well-known  formulae  for  air 


the  change  of  pressure  from  pi  to  p2  being  adiabatic.     Then  from  the 
above 

^  =  ,T..  =  XT,  h)'~T 

P2  \Pl/ 

.2 


Let 
Then 


2g      y-l  WpJ  J 

p-2  =  7h  (1  +  k) 


Expanding  and  reducing 


2g  [         2y  Qy'  24y 

Now 

y  =  1.408 
1 


„     =  0.355 

2y 


Therefore 


19     Let  Vi  =  velocity  in  ft.  per  min.  and  the  readings  of  p2  and  pi 
be  expressed  in  in.  of  mercury  instead  of  in  lb.  per  sq.  ft.     Then 

Vi 

=  60  J  64.32  X  ?^-^  j  1  -  # + fc^  ^ +f  -  k^-  ^^±yl^py^  I  X  70.708 
\  Pi      [         2y  6y-  2^y^         j 


=  4046.16^x1  ^^  ^      \  1  -  0.355  k  +  0.202  k^  -  0.137  k^ 
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The  values  above  given  are  for  a  tomperatiire  of  70  deg.  fahr.,   a 
barometer  of  29.921  in.,  and  a  humidity  of  70  per  cent. 

20  Curves  in  Fig.  10  show  a  comparison  of  the  velocities  of 
air  as  calculated  by  the  two  formulae  already  given.  It  will  be 
seen  that  at  a  velocity  of  23,000  ft.  per  min.  these  formulae  give 
results  varying  by  over  15  per  cent,  while  at  11,000  ft.  per  min.  the 
variation  is  only  about  6  per  cent.  For  velocities  below  6000  ft.  per 
min.  there  seems  to  be  no  good  reason  for  using  the  exact  formula 
as  given  above,  since  the  difference  between  it  and  the  common  for- 
mula is  well  within  the  limit  of  error  in  observation. 


FRICTION    IN    EXPERIMENTAL    PIPE    LINE 

21     When  designing  the  experimental   plant,   calculations  were 
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made  for  the  loss  of  head  due  to  friction  in  the  pipe  line.  These 
calculations  were  based  on  Sturtevant's  tables  on  air  friction,  since 
they  were  the  most  reliable  data  at  hand.  The  experiments  on  the 
plant,  however,  gave  an  excellent  opportunity  to  test  not  only  the 
loss  due  to  friction  when  carrying  varying  amounts  of  coal,  but  to 
check  the  calculated  loss  when  the  air  was  flowing  alone  and  unbur- 
dened. Accordingly,  observations  were  taken  on  the  manometers 
at  each  end  of  the  24-in.  mine  pipe  with  this  end  in  view,  the  results 
of  which  are  sho^vn  in  Fig.  11.  This,  however,  does  not  give  the  loss 
from  friction  when  carrying  coal. 

22  Some  time  after  conducting  the  experiments  described  on  the 
flow  of  air  in  pipes,  the  necessity  arose  for  accurate  measurement  of 
the  flow  of  air  in  mine  headings  in  connection  with  fan  tests,  also  of 
the  air  discharged  from  the  chimney  or  outlet  of  fans,  and  we  natur- 
ally turned  to  the  Pitot  tube  as  being  the  most  accurate  means  at 
hand. 
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USE    OF    I  ITOT   TUBE    IN    MINES 

23  When  we  come  to  use  the  Pitot  tube  in  mines  we  find  several 
conditions  not  existing  in  large  or  small  pipes.  The  floor,  ribs  and 
roof  of  a  heading  or  room  are  always  more  or  less  rough  and  uneven, 
which  causes  innumerable  eddies  and  swirls  in  the  air  current  similar 
to  those  seen  in  tlie  water  along  the  sides  of  a  swift  stream  flowing 
over  a  rocky  or  uneven  bed.  It  is  impossible,  also,  to  determine  from 
the  appearance  of  an  airway  just  where  or  why  you  will  find  the 
stronger  air  current.  The  velocity  at  which  the  air  is  flowing  may 
also  cause  a  decided  difference  in  the  contour  of  average  velocity  even 
though  all  other  conditions  remain  the  same.  This  is  well  illustrated 
in  fan  tests  Nos.  9  and  10,  Figs.  13  and  14  in  the  appendix.  Of  course, 
the  ideal  section  of  a  heading  in  which  to  take  a  test  would  })e  a  long, 
straight,  smooth,  rectangular  passage.  This  can  never  be  found  and 
the  nearest  approximation  available  is  the  one  to  be  chosen.  At  one 
side  of  the  heading  and  preferably  just  behind  the  test  section  a 
"cubby-hole"  or  operating  room  should  be  dug  out  of  the  rib,  prin- 
cipally for  the  convenience  and  comfort  of  the  operator  or  operators. 
At  the  same  time,  however,  the  cubby-hole  not  only  shields  the  oper- 
ator and  makes  a  convenient  place  to  set  up  manometers,  but  also 
when  it  is  used  there  are  no  corrections  to  be  made  for  the  operator's 
body  and  no  eddy  currents  are  caused  by  him.  By  stretching  a 
series  of  strings  or  wires  from  floor  to  roof  and  from  rib  to  rib,  the 
test  section  may  be  divided  into  a  number  of  smaller  sections  of  equal , 
or  nearly  equal,  area.  The  number  of  these  smaller  sections  will 
depend  entirely  on  the  area  of  the  test  section.  It  is  advisable, 
however,  to  have  the  small  sections  not  much  over  4  sq.  ft.  and  less 
if  possible.     The  smaller  the  sections  the  greater  is  the  accuracy. 

24  For  holding  the  Pitot  tube  we  built  a  telescoping  stand  of 
pipe  and  pipe  fittings  with  a  holding  block  that  could  be  raised  and 
lowered  or  clamped  rigidly  upon  either  part  of  the  standard.  We 
also  made  an  anemometer  holder  provided  with  a  spring  which  held 
the  anemometer  out  of  gear  until  a  string  attached  to  the  operating 
lever  was  ])ulled.  Upon  release  of  the  tension  on  this  string,  the  spring 
pulled  the  instrument  out  of  gear  again  and  stopped  its  registration. 
The  Pitot  tube  passed  through  the  holding  block  and  extended  a 
very  short  distance  beyond  the  anemometer.  It  will  thus  be  seen 
that  the  Pitot  tube  could  be  successively  placed  in  the  center  of  each 
of  the  small  sections  and  that  in  each  one  the  anemometer  was  imme- 
diately beside  it  and  subjected  as  nearly  as  possible  to  the  same  ve- 
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locity  of  air  as  the  Pitot  tube.  The  static  head  of  the  Pitot  tube  read- 
ings was  taken  direct  on  the  manometer  connected  to  it,  since  the 
whole  apparatus  was  inside  the  heading  in  which  measurements  were 
being  taken  and,  therefore,  subject  to  the  same  pressure.  Trial  was 
made  with  the  Gebhardt  No.  1  tube  (in  place  of  the  United  States 
No.  1  regularly  used)  to  ascertain  if  the  taking  of  the  static  head 
beside  the  velocity  head  or  in  the  cubby-hole  on  the  manometer 
made  any  difference  in  the  manometer  reading,  with  the  result  that 
the  readings  in  both  cases  were  the  same,  as  might  have  been 
expected.  We  also  checked  the  accuracy  of  both  instruments  with 
smoke  and  carbon  di-sulphide.  The  method  of  making  this  test 
was  as  follows: 

25  A  distance  of  200  ft.  was  measured  off  along  one  of  the  main 
haulage  roads  of  a  mine.  The  cross-section  of  this  heading  was  as 
nearly  uniform  as  a  mine  heading  in  this  kind  of  coal  (Pocahontas) 
can  well  be  and  the  floor  and  roof  were  free  of  obstructions  and  very 
even.  Midway  of  this  distance  and  opposite  a  safety  pocket,  a  hole 
excavated  in  the  rib  for  the  miners  to  stand  in  when  a  locomotive  or 
trip  is  passing,  the  stand  bearing  the  Pitot  tube  and  anemometer  was 
set  up  and  a  series  of  readings  taken  on  both  instruments.  One  ob- 
server then  stationed  himself  at  the  upper  end  of  the  200-ft.  distance 
and  another  at  the  lower  end.  The  former  was  provided  with  a 
revolver  and  blank  cartridges  loaded  with  black  powder  while  the 
latter  held  a  watch.  At  a  signal  from  the  man  at  the  lower  end,  the 
one  at  the  upper  end  of  the  trial  distance  fired  across  the  heading  and 
the  time  was  noted  when  the  odor  of  the  powder  reached  the  lower 
end.  The  smoke  was  entirely  dissipated  before  it  had  traveled  half 
the  distance.  As  a  check  on  the  above  method,  it  was  repeated,  ex- 
cept that  instead  of  using  the  revolver,  a  bottle  of  carbon  di-sulphide 
(CS2)  was  used.  This  was  not  as  satisfactory  as  the  former,  since  an 
appreciable  amount  of  time  was  lost  in  uncorking  the  bottle  and  throw- 
ing the  liquid  into  the  air.  However,  the  results  checked  fairly  close 
if  an  allowance  be  made  for  lost  time.  The  above  was  repeated  in  a 
heading  with  very  much  lower  velocity,  about  200  ft.,  and  the  Pitot 
tube  found  to  be  almost  worthless.  The  anemometer,  on  the  other 
hand,  gave  results  which  were  very  fairly  accurate. 

MEASURING    DISCHARGE    FROM    FAN    CHIMNEYS 

26  In  measuring  the  discharge  from  fan  chimneys  we  employed 
a  method  very  similar  to  that  used  in  mine  headings.     Instead  of  the 
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telescoping  stand,  however,  we  used  two  |-in.  pipes  extending  trans- 
versely across  the  fan  chimney  and  held  firmly  at  each  end  with  a 
specially  forged  clamp.  Upon  these  pipes  or  guides  was  mounted  a 
runner  or  slide  arranged  to  hold  both  the  Pitot  tube  and  anemometer 
holder.  The  top  of  the  chimney  was  divided  into  a  given  number  of 
approximately  equal  areas  by  stretching  strings  or  wires  across  in 
both  directions,  as  shown  jn  Fig.  12,  and  the  two  instruments  placed 
successively  in  each  of  the  areas.  It  will  be  observed  from  the  results 
of  these  tests  shown  in  the  appendix,  that  the  velocity  in  these 
chimneys  is  always  greatest  on  the  tangent  side,  decreases  to  a  min- 
imum near  the  center  and  then  increases  on  the  front  side.     Trans- 


FiG.  12     Division  of  Top  of  Chimney  into  Equal  Areas 


versely,  the  velocity  of  air  seems  to  follow  no  fixed  law,  but  in  general 
seems  to  be  greater  in  the  outside  areas.  When  the  fan  is  delivering 
a  large  quantity  of  air  also,  the  velocity  near  the  center  of  the  chim- 
ney becomes  so  low  as  to  be  unmeasurable  with  the  Pitot  tube  and  is 
gusty  and  variable  in  its  nature,  the  anemometer  frequently  halting, 
and  even  running  backward  for  some  seconds  at  a  time.  It  should  be 
stated  also,  that  all  the  tests  we  have  made  thus  far  are  upon  fans  of 
the  Cliff ord-Capel  type. 

27  In  all  of  the  tests  on  fans,  shown  in  the  appendix  a  differ- 
ential manometer  reading  to  1/100  in,  was  used.  This  instrument 
used  a  special  mineral  oil  as  a  working  fluid  but  the  angle  of  inclina- 
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tion  was  such  as  to  cause  it  to  read  correct  for  water.  Careful  com- 
parison with  a  direct-reading  water  manometer,  proved  that  this 
angle  was  the  proper  one^and  that  the  instrument  read  correctly. 

28  In  the  tests  on  headings  a  board  was  nailed  to  the  wall  of  the 
cubby-hole  and  the  manometer  screwed  to  it,  care  being  taken  that 
this  instrument  was  kept  perfectly  level.  In  taking  measurements 
on  the  fan  chimneys  a  board  was  fastened  to  the  side  of  the  chimney 
and  the  manometer  fastened  thereto  as  in  the  mineheadings. 

CONCLUSIONS 

29  From  our  experience  with  the  three  types  of  Pitot  tubes,  we 
would  draw  the  following  conclusions: 

a  The  Taylor  tube,  although  probably  very  accurate  and  ex- 
tremely sensitive  on  the  air  velocities  for  which  it  was 
designed,  say  up  to  3000  ft.  per  min.,  is  clumsy,  difficult 
of  manipulation,  fragile,  and  altogether  unsuited  to  high 
velocity  measurement. 

h  Tubes  of  the  Gebhardt  type  are  fight,  compact,  very  port- 
able, convenient  and  easy  of  manipulation.  They  are 
very  accurate  when  used  on  velocities  up  to  say,  6000 
ft.  per  min.  Beyond  this  point  or  beyond  the  limits  of 
the  common  formula,  their  accuracy  is  somewhat  prob- 
lematical. 

c  The  United  States  No.  1  tube  is  less  convenient  and  portable 
than  the  Gebhardt.  It  is,  however,  much  simpler  in 
construction  and  will  stand  much  more  abuse.  It  does 
not  require  anywhere  near  as  much  care  in  manipulation 
as  either  of  the  other  two  types.  It  has  been  found  ac- 
curate on  air  velocities  as  low  as  600  ft.  per  min.  The 
upper  limit  of  its  accuracy  is  unknown  but  it  has  been 
successfully  used  on  velocities  exceeding  25,000  ft.  per  min. 

d  The  exact  formula,  as  explained  above,  is  much  more  accur- 
ate, especially  on  the  higher  velocities,  than  the  one  usually 
employed. 

e  Present  data  on  the  friction  of  air  in  pipes  are  largely  in 
error.  Our  tests  showed  for  the  length  and  size  of  pipe 
used  that  the  friction  of  the  air  was  just  about  one-half 
what  it  was  calculated  to  be.  Additional  accurate  data 
along  this  line  are  sadly  needed. 
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Area  of  section   -  91.8  so.  ft 
Average  Velocity   =  1485  ft  per  mm. 
Quantity  of  air     =  136129  cu  ft  per  min. 


Figures  in  centers  stiow 
velocities  in  sections  deter- 
mined by  Pitot  Tube. 
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Fig.  13    Section  and  Velocities  in  Airway,  Fan  Test  No.  0 


Area  of  section  =  91.6  sg  ft 
Average  velocity  =  1776  ft  per  mm. 
Quantity  of  air    =  163,345  cu  ft  per  mm 
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Area  of  opening      =  128  sq  ft  Figures  in  center  of  section  show 

Average  velocity  =  2IEZ  ftper  mm  velocities  as  determined  by  Pi  tot 

Quantity  of  air       =  271644  cu  ft.  per  mm  tube 

*  No  reading  could  be  made,  on  account  of  eddies 
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TABLE  2    TESTS  OF  BLOWER  WITH  36-IlSr.  PIPE  BLANKED 
No.  9  WoBKS,  United  States  Coal  &  Coke  Compant,  Apbil  10,  1910 
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21     2.40 

1.55 

2.94 

1.55 

2.70 

j 

22     2.36 

1.50 

2.94 

1.60 

2.70 

23     2.36 

1.45 

1.47 

2.94 

2.93 

1.460.0649!  17740 

1.60 

1.59 

2.70 

2.70 

1.11 

0.0655  15600 

87 

24  2.36 

25  2.36 

1.45 
1.40 

2.91 
2.93 

Aver.  18692 

1.60 
1.60 

2.70 
2.70 

Aver.  19138 

Barometer,  28.64;  temperature,  64  deg.;  humidity,  41  per  cent;  mercury,  846.5. 
V  =  4041.6  J^-^   (1  -  etc.) 
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PITOT   TUBE    ON    HIGH   AND   LOW   AIR    VELOCITIES 


TABLE  3    TESTS  OF  BLOWER  WITH  36-IN.  PIPE  BLANKED 
No.  9  Works,  United  States  Coal  &  Coke  Company,  April  10,  J910 


Gebhardt  Pitot  TubeNo  1. 

Taylor  Pitot  Tube  No.  3 

a 

3 

1 
< 

a 

> 

.2  S 
O 

ft 

s 

O 

ft 

< 

I 

1 

a 
■3 

o 

.s  g 

3 

ft 

s 

■  o 

o 

In.  Mercury 

In.  Mercury 

1 

5 

1 

2.40 

1.10 

3.75 

1.00 

2.17 

2 

2.40 

1.10 

3.65 

1.00 

2.21 

3 

2.40 

1.10 

1.103.65 

3.66 

2.56 

23080 

0.0631 

0.95 

0.99 

2.20 

2.18 

1.19   0.0668   156701  87 

4 

2.40 

1.10 

3.65 

0.95 

2.18 

5 

2.40 

1.10 

3.62 

1.05 

2.15 

6 

2.40 

1.25 

3.55 

1.13 

2.17 

7 

2.40 

1.25 

3.55 

1.10 

2.18 

8 

2.38 

1.20 

1.22 

3.55 

3.55 

2.33 

22140 

0.0633 

1.15 

1.16    2.18 

2.19 

1.03   0.0668 

1478oi  S7 

9 

2.40 

1.20 

3.55 

1.25 

2.21 

10 

2.40 

1.20 

3.55 

1.15 

2.19 

11 

2.36 

1.15 

3.55 

1.45 

2.29 

12 

2.40 

1.15 

3.55 

1.35 

2.27 

13 

2.36 

1.20 

1.19  3.52 

3.53 

2.34 

22150 

0.0634 

1.25 

1.32 

2.20 

2.25 

0.93   0.0666 

14150 

87 

14 

2.36 

1.20 

3.50 

1.30 

2.20 

15 

2.36 

1.25 

3.55 

1.25 

2.29 

16 

2.36 

1.40 

3.40 

1.35 

2.27 

17 

2.36 

1.40 

3.35 

!  1.40 

2.24 

1 

18 

2.36 

1.40 

1.403.35 

3.36 

1.96 

20460 

0.0638 

1.35 

1.35 

2.24 

2.24 

0.89 

0.0666 

13880 

87.5 

19 

2.36 

1.40 

3.35 

1.30 

2.24 

20 

2.36 

1.40 

3.35 

1.35 

2.21 

21 

2.40 

1.65 

2.93 

1.35 

2.21 

22 

2. 38 

1.65 

j 

2.95 

11.45 

2.24 

23 

2.40 
2.36 
2.40 

1.65 
1.65 
1.65 

il.65^2.92 

2.93 

1.28 

16760 

0.0649 

1.50 
1.45 
1.45 

1  44 

2.27 
2.29 
2.27 

'  2.26 

0.82 

0.0666!  13390 

87 

24 
25 

2.92 
2.9: 

Aver. 

20918 

Aver.   14371 

87.1 

Barometer,  28.64;  temperature,  64  deg.;  humidity,  41  per  cent;  mercury, 


4041.6 


jP2  -  Pl    ^ 


etc.) 


FRANK    H.    KNEELAND 
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TABLE  4    TESTS  OF  BLOWER  FOR  LEAKAGE,  16-IN.  PIPE  OPEN,  OTHERS  CLOSED 
No.  9  Works,  United  States  Coal  &  Coke  Compant,  April  10,  1910 


U.  S.  PiTOT  Tube  No.  1 


d 

-AS 

;% 

d> 

J)  Oh 

0 

a 

tic 

■d 

h 

Ml 

tf 

II 

2 

> 

■^ 

> 

> 

Q 

■< 

m 

< 

In.  Mercury 


1  1.60  0.58  1.70| 

2  !  1.60  0.63  1.75i 

3  1.56  0.58  0.601. 73|l. 72 

4  1.56  0.58  1.71 

5  1.56  0.63  1.71 


1.12 


6  1.56  0.75  1.78 

7  1.60  0.80  1.77 

8  t  1.60  0.75  0.771.751.77  1.00 

9  1.60  0.80  1.78] 
10  t  1.56  0.75         il.78 


0.0680 


0.0679 


1.56 
1.56 
1.56 
1.58 
1.56 


0.80 
0.85 


11.78 
ll.78 
0.85  0.821.78 
0.80  j  1.78 
0.80  1.78 


23 

1 

56 

24 

1 

56 

25 

1 

56 

1.78 


1.78 


1.78 
1.78 
0.95  p. 951. 78  1.78 
0.95  i        il.78 


1.56    0.90  I        jl.78 
1.60    0.90  I        )1.78 
)1.78 
1.78 
1.78 


1.60 

0.90 

0.90 

1.60 

0.95 

1.60 

0.85 

1.60 

0.95 

1.56 

1.00 

0.90 


1.78 


0.96 


0.88 


0.83 


5= 


> 


14820 


0.0679  13980 


0.0679 


13470 


0.0679   13140 


Aver.    13924 


»  a 
Q 


Gbbhardt  Pitot  Tube  No.  1 


a  ej 


■In.  Mercury 


0.65 

1.80 

0.60 

1.80 

0.60 

0.61 

1.85 

1.85 

0.60 

1.90 

0.61 

1.90 

0.65 

1.70 

0.65 

1.85 

0.65 

0.65 

1.80 

1.80 

0.65 

1.83 

0.65 

1.80 

0.70 

1.80 

0.70 

1.80 

0.75 

0.71 

1.78' 

1.79 

0.72 

1.78 

0.70 

1.78 

0.72 

1.75 

0.72 

1.70 

0.72 

0.72 

1.75 

1.74 

0.72 

1.75 

0.72 

1.75 

0.95 

1.48 

0.95 

1.48 

0.95 

0.95 

1.48 

1.48 

0.95 

1.48 

0"95 

1.48 

1.24 


1.15 


1.08 


ts 


S  ffi 


0.0676  15590 


0.06771  15080 


0.0678 


1.02  0.0579 


0.53 


14690 


1430C 


0.0686  10610 


Aver.  14054 


87.5 


87.5 


87.6 


Barometer,  28.64:  temperature,  64  deg.;  humidity,  41  percent;  mercury,  846.5. 
V  =  4041.6  J^-^  (1  -  etc.) 
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TABLE  5    DATA  FOR  FAN  TEST  NO.  5 
No.  4  Works,  United  States  Coal  &  Coke  Company,  Januart  28,  1911 


PiTOT  Tube 

Anemometer 

Section 
Number 

Area,  Sq.  Ft. 

Reading.  In. 
Water 

Velocity.  Ft. 
per  Mln. 

Quantity, 
Cu.  Ft.  per 
Mln. 

Velocity.  Ft. 
per  Mln. 

Quantity, 
Cu.  Ft.  per 
Mln. 

1 

4.08 

0.0447 

846 

3452 

1150 

4692 

2 

4.08 

0.1207 

1390 

5671 

1680 

6854 

3 

4.08 

0.0511 

905 

3692 

890 

3631 

4 

4  08 

0.0493 

889 

3627 

1190 

4855 

5 

4.08 

0.0386 

786 

3207 

895 

3652 

6 

4.08 

0.0657 

1026 

4186 

1120 

4570 

7 

4.08 

0.0190 

552 

2250 

690 

2815 

8 

4.08 

0.0264 

650 

2652 

770 

3142 

9 

4.08 

0.1036 

1288 

5255 

1400 

5712 

10 

4.08 

0.0558 

945 

3856 

1170 

4774 

11 

4.08 

0.0136 

467 

1905 

840 

3427 

12 

4.08 

0.0414 

814 

3321 

1080 

4406 

13 

4.08 

0.1821 

1708 

6969 

1810 

7385 

14 

4.08 

0.0707 

1064 

4341 

1290 

5263 

15 

4.08 

0.0397 

797 

3252 

1065 

4345 

16 

4.08 

0.1257 

1419 

5790 

1780 

7262 

17 

4.08 

0.3737 

2446 

9980 

3100 

12648 

18 

4.03 

0.3686 

2429 

9910 

3080 

12566 

19 

4.08 

0.3118 

2235 

9119 

2780 

11342 

20 

4.08 

0.3636 

2413 

9845 

3090 

12607 

21 

4.08 

0.5743 

3033 

12375 

3760 

15341 

22 

4.08 

0.6321 

3182 

12983 

4095 

16708 

23 

4.08 

0.6543 

3237 

13207 

4050 

16524 

24 

4.08 

0.5984 

3096 

12632 

3765 

15361 

98.00 

1566 

153477 

1937 

189882 

Conditions:    Fan  on  mine,  but  doors  at  back  of  fan  open,  allowing  all  air  possible  to  enter  fan. 
Air:  Measured  at  top  of  chimney.  Beginning  Ending  Barometer  28.94 

Temperature  outside,  44  deg.  from  chimney 46J  deg.  53J  deg. 

Humidity  outside, 71  per  cent   from   chimney 72  per  cent        58  per  cent        V  =  4002    ]/ h 

Weight  of  air  per  cu.  ft..  0.0762  lb 0.0758  0.0747 

Average  weight  of  air  from  chimney,  0.0752  lb.  per  cu.  ft. 


FRANK    H.    KNEELAND 
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TABLE  6    DATA  FOR  FAN  TEST  NO.  9 
No.  6  Works,  United  States  Coal  &  Coke  Company,  February  18,  1911 


1 

PiTOT  Tube 

Anemometer 

Section 
Number 

Area,  Sq.  Ft. 

Reading,  In. 
Water 

Velocity,  Ft. 
per  Min. 

Quantity, 
Cu.  Ft.  per 
Mln. 

Velocity,  Ft. 
per  Mln. 

Quantity, 
Cu.  Ft.  per 
Mln. 

1 

3.49 

0. 13S 

1506 

5256 

2213 

7723 

2 

?.52 

0.235 

1966 

6920 

2475 

8712 

3 

3.55 

0.244 

2003 

7111 

2490 

8839 

4 

3.53 

0.196 

1796 

6340 

2485 

8772 

5 

3.44 

0.175 

1697 

5838 

2508 

8628 

6 

3.50 

0.166 

1653 

5785 

2445 

8557 

7 

3.50 

0.205 

1836 

6426 

2402 

8407 

8 

3.36 

0.201 

1818 

6108 

2368 

7956 

9 

3.40 

0.111 

1351 

4593 

2345 

7973 

10 

3.50 

0  125 

1434 

5019 

2225 

7787 

11 

3.50 

0.137 

1501 

5253 

2260 

7910 

12 

3.24 

0.149 

1566 

5074 

2355 

7630 

13 

3.38 

0  114 

1369 

4627 

2300 

7774 

14 

3.50 

0.175 

1697 

5939 

2438 

8533 

15 

3.50 

0.129 

1457 

5100 

2313 

8095 

16 

2.86 

0.132 

1474 

4216 

2207 

6312 

17 

3.38 

0.179 

1716 

5800 

2615 

8839 

18 

3.50 

0.189 

1763 

6170 

2464 

8624 

19 

3.60 

0.127 

1446 

5061 

2286 

8001 

20 

2.24 

0.071 

1081 

2421 

2065 

4626 

21 

3.40 

0.163 

1637 

5566 

2375 

8075 

22 

3.50 

0.127 

1446 

5061 

2225 

7788 

23 

3.50 

0.109 

1339 

4687 

2175 

7612 

24 

1.62 

0.049 

898 

1455 

1875 

3037 

25 

3.86 

0.013 

462 

1783 

1400 

5404 

26 

4.20 

819* 

3440 

1055 

4431 

27 

4.32 

0.084 

1176 

5080 

1925 

8316 

28 

.... 

91.79 

1483 

136129 

2226 

204361 

*  Average  velocity  of  Nos.  25  and  27.    Could  not  obtain  reading  on  account  of  eddies. 

Conditions:  normal,  fan  on  mine.  Temperature,  outside  57  deg.  fahr.  Temperature,  inside  53J 
deg.  fahr.;  humidity,  outside  88  per  cent,  inside  100  per  cent;  barometer,  28.46,  weight  of  inside  air 
per  cu.  ft.  0.0732  lb.,  for  Pitot  tube  V  =  4056   \/h7 

Measurement  made  in  airway  leading  to  fan  section  was  divided  by  strings  into  approximately 
equal  parts.    Section  No.  28  was  stopped  up,  as  it  was  very  small  and  at  the  bottom. 

Readings  taken  by  Pitot  tube  and  anemometer  held  in  center  of  each  section  by  a  stand.  Readings 
taken  for  period  of  one  minute  in  each  position.  Could  get  no  reading  by  tube  in  section  No.  26, 
evidently  on  account  of  eddy  currents;  velocity  given  is  average  of  those  in  the  two  adjoining  sections. 
Fan  running  exhausting.  Airway  makes  a  slight  turn  a  short  distance  beyond  the  section,  causing 
velocities  to  be  higher  on  one  side  than  on  tha  other. 
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TABLE  7    DATA  FOR  FAN  TEST  NO.  10 
No.  6  Works,   United   States  Coal  &   Coke   Company  ,  February   18,    1911 


Section 
Number 

PiTOT  Tube 

Anemometer 

Area,  Sq.  Ft. 

Reading,  In. 
Water 

Velocity,  Ft. 
per  Min. 

Quantity, 
Cu.  Ft.  per 
Min. 

Velocity,  Ft. 
per  Min. 

Quantity, 
Cu.  Ft.  per 
Min. 

1 

3.49 

0.259 

2064 

7203 

2940 

10261 

2 

3.52 

0.296 

2207 

7769 

3082 

10849 

3 

3.55 

0.198 

1805 

6409 

2684 

9528 

4 

3.53 

0.273 

2119 

7480 

3160 

11155 

5 

3.44 

0.261 

2072 

7128 

2680 

9219 

6 

3.50 

0.227 

1932 

6762 

2580 

9030 

7 

3.50 

0.259 

2064 

7224 

2635 

9222 

8 

3.36 

0.245 

2008 

6747 

2745 

9223 

9 

3.40 

0.196 

1796 

6106 

2330 

7922 

10 

3.50 

0.197 

1800 

6300 

2465 

8627 

11 

3.50 

0.209 

1854 

6489 

2450 

8565 

12 

3.24 

0.216 

1885 

6107 

2490 

8068 

13 

3.38 

0.204 

1832 

6192 

2705 

9143 

14 

3.50 

0.244 

2004 

7014 

2765 

9677 

15 

3.50 

0.204 

1832 

6412 

2490 

8715 

16 

2.86 

0.180 

1721 

4922 

2355 

6735 

17 

3.38 

0.267 

2096 

7084 

2660 

8991 

18 

3.50 

0.231 

1949 

6821 

2565 

8977 

19 

3.50 

0  177 

1706 

5971 

2430 

8505 

20 

2.24 

0.123 

1422 

3185 

2343 

5248 

21 

3.40 

0.241 

1991 

6769 

2629 

8939 

22 

3.50 

0.194 

1786 

6251 

2455 

8592 

23 

3.50 

0.162 

1633 

5715 

2400 

8400 

24 

1.62 

0.095 

1250 

2025 

2110 

3418 

25 

3,86 

0.036 

770 

2972 

2000 

7720 

26 

4.20 

1060 

4452 

1675 

7035 

27 

4.32 

0.111 

1351 

5836 

2245 

9698 

91.79 

1778 

163345 

2521 

231462 

Conditions:  fan  on  mine-doors  on  main  heading  between  1st  and  2d  return  and  on  1st  return 
open,  allowing  air  to  short  circuit  through  mine.  Temperature  Inside  53i  deg.  fahr.;  humidity 
Inside  100  per  cent;  barometer  28.46;  for  Pitot  tube  V  =  4056  i    h7 

Same  conditions  of  measurement  as  test  No.  9. 
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TABLE  8    DATA  FOR  FAN  TEST  NO.  11 
No.  6  \VoRK8,  United  States  Coal  &  Coke  Company,  February  18,  1911 


PiTOT  T0BB 

Anemometer 

Section 
Number 

Area,  Sq.  Ft. 

Reading,  In. 
Water 

Velocity,  Ft. 
per  Mln. 

Quantity, 
Cu.  Ft.  per 
Mln. 

Velocity.  Ft. 
per  Mln. 

Quantity, 
Cu.  Ft.  per 
Mln. 

1 

4.0 

0.752 

3517 

14068 

5414 

21656 

2 

4.0 

0.757 

3529 

14116 

3920 

15680 

3 

4.0 

0.755 

3524 

14096 

3696 

14784 

4 

4.0 

0.761 

3538 

14152 

4140 

16560 

5 

4.0 

0.754 

3522 

14088 

3564 

14256 

6 

4.0 

0  709 

3415 

13660 

3058 

12232 

7 

4.0 

0.709 

3415 

13660 

3132 

12528 

8 

4.0 

0.737 

3482 

13928 

3374 

13496 

9 

4.0 

0.746 

3503 

14012 

3392 

13568 

10 

4.0 

0.344 

2379 

9516 

2468 

9872 

11 

4.0 

0.292 

2192 

8768 

2536 

10144 

12 

4.0 

0.618 

3189 

12756 

3324 

13296 

13 

4.0 

0.474 

2792 

11168 

2890 

11560 

14 

4.0 

0.169 

1667 

6668 

2090 

8360 

15 

4,0 

0.189 

1763 

7052 

2060 

8240 

16 

4.0 

0.404 

2578 

10312 

2816 

11264 

17 

4.0 

0.125 

1434 

5736 

1560 

6240 

18 

4.0 

0.072 

1088 

4352 

1540 

6160 

19 

4.0 

0.128 

1451 

5804 

1920 

7680 

20 

4.0 

0.244 

2004 

8016 

2060 

8240 

21 

4.0 

476 

1904 

22 

4.0 

760 

3040 

23 

4.0 

0.134 

1485 

5940 

1770 

7080 

24 

4.0 

0.114 

1369 

5476 

1630 

6520 

25 

4.0 



310 

1240 

26 

4.0 

0.027 

666 

2664 

830 

3320 

27 

4.0 

0.214 

1876         ! 

7504 

1960 

7840 

28 

4.0 

0.104 

1308 

5232 

1570 

6280 

29 

4.0 

0  069 

1065 

4260 

1250 

5000 

30 

4.0 

0.225 

1924 

7696 

2070 

8280 

31 

4.0 

0.346 

2386 

9544 

2450 

9800 

32 

4.0 

0.208 

1850 

7400 

2000 

8000 

128.0 

2122 

271644 

304120 

Conditions:  doors  to  fan  and  doors  Inside  mine  all  open,  allowing  all  air  possible  to  reach  fan.  Air 
measured  at  top  of  chimney.  Temperature,  53i  deg.  fahr.;  humidity,  100  per  cent;  barometer,  28.46; 
for  Pitot  tube,    V  =  4056   y/hT 

Measurement  made  on  top  of  chimney  of  fan.  Area  was  divided  by  strings  into  32  equal  parts  and 
readings  were  taken  In  center  of  each  section  for  periods  of  30  seconds.  Both  anemometer  and  tube 
were  held  In  plane  of  top  of  chimney.  Pitot  tube  readings  could  not  be  obtained  in  sections  Nos. 
21,  22  and  25,  on  account  of  eddies.  These  were  very  noticeable,  as  the  anemometer  in  the  same  sec- 
tions would  stop,  reverse  Itself,  stop,  run  properly,  etc. 


TESTS  OF  LARGE  BOILERS  AT  THE  DETROIT 
EDISON  COMPANY 

By  D,  S.  Jacobus 
ABSTRACT  OF  PAPER 

The  tests  described  in  this  paper  were  made  on  two  boilers  at  the  plant  of 
the  Detroit  Edison  Company.  Each  of  the  boilers  has  a  rated  capacity  of 
2365  h.p.  on  the  basis  of  10  sq.  ft.  of  boiler  heating  surface  per  horsepower, 
and  in  every  day  practice  carry  a  load  of  6000  kw.  and  in  the  evening  from 
7000  to  8000  kw.  The  preliminary  and  regular  tests  required  that  the  boiler 
room  of  a  large  power  house  be  under  the  control  of  the  observers  for  three 
months  and  for  six  weeks  over  50  men  worked  in  S-hour  shifts  night  and  day, 
exclusively  on  the  tests.  The  magnitude  of  the  undertaking  may  be  appre- 
ciated when  attention  is  drawn  to  the  total  quantities  measured,  which  aggre- 
gated about  5000  tons  of  coal  weighed  and  45,000  tons  of  water. 

One  of  the  boilers  tested  was  fitted  with  Roney  stokers  and  the  other  with 
Taylor  stokers.  The  test  results  secured  indicated  that  the  efficiency  obtain- 
able with  each  stoker  is  about  the  same.  The  combined  efficiency  of  the  boiler 
and  furnace  varied  from  about  80  per  cent  at  slightly  below  rating  to  about  76 
per  cent  at  double  rating,  on  the  basis  of  10  sq.  ft.  of  boiler  heating  surface 
per  rated  horsepower.  In  obtaining  these  efficiencies  the  steam  used  for  driv- 
ing the  stokers  and  for  producing  the  forced  blast  in  the  Taylor  stokers  has  not 
been  deducted  from  the  total  steam  generated  by  the  boiler.  The  amount 
of  steam  used  by  the  Roney  stokers  was  about  1^  per  cent  of  the  total  steam 
generated  by  the  boilers,  and  for  the  Taylor  stokers  about  2^  to  3  per  cent. 
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By  D.  S.  Jacobus,  New  York 
Member  of  the  Society 

Many  engineers  have  held  the  opinion  that  eventually  much  larger 
steam  boilers  will  be  used  than  those  in  service.  The  size  of  turbo- 
electric  generating  sets  has  increased  by  rapid  strides  and  it  might 
seem  that  an  increase  in  the  size  of  boilers  would  naturally  follow. 
There  has  been  a  strong  feeling,  however,  that  it  would  be  unwise 
to  employ  very  large  boiler  units,  as  a  failure  of  one  of  the  large  units 
would  throw  out  of  use  a  much  greater  proportion  of  power  than  the 
failure  of  a  smaller  unit. 

2  Each  of  the  boilers  described  in  this  paper  is  required,  in  the 
all-day  practice  of  the  power  plant,  to  carry  a  load  of  6000  kw.  and  in 
the  evening  to  carry  7000  or  8000  kw.  The  experience  in  regular 
service  of  18  months  mth  the  first  boiler  and  of  nine  months  with  the 
second  and  third  boilers  has  proven  this  to  be  good  practice.  The 
rated  capacity  of  each  boiler  is  2365  h.p.  on  the  basis  of  10  sq.  ft.  of 
boiler  heating  surface  per  horsepower.  Fourth  and  fifth  boilers 
are  now  being  erected  and  it  is  expected  to  complete  the  installation 
of  ten  boilers  of  this  size  within  the  next  two  years. 

3  The  engineering  world  is  greatly  indebted  to  the  Detroit 
Edison  Company  and  to  Alex  Dow,  the  general  manager  of  that 
company,  member  of  this  Society,  for  pioneer  work  in  installing  boilers 
of  two  or  three  times  the  capacity  of  the  largest  boilers  heretofore 
used,  and  for  the  opportunity  of  conducting  the  most  elaborate  and 
painstaking  series  of  tests  ever  made  on  a  boiler.  The  preliminary 
and  regular  tests  required  that  the  boiler  room  of  a  large  power  house 
be  under  the  control  of  the  observers  for  nearly  three  months,  and  for 
six  weeks  over  50  men  worked  in  eight-hour  shifts,  night  and  day, 
exclusively  on  the  tests.  All  the  water  and  coal  was  accurately 
weighed,  and  much  work  was  done  about  the  plant  to  avoid  the  possi- 
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bility  of  leakage  affecting  the  results.  The  magnitude  of  the  under- 
taking may  be  appreciated  when  attention  is  drawn  to  the  total 
quantities  measured,  which  were  as  high  as  an  average  per  hour  of 
eight  tons  of  coal,  75  tons  of  feedwater  and  one  ton  of  ashes,  the 
totals  amounting  to  about  5000  tons  of  coal  weighed  and  45,000  tons 
of  water. 

4  The  tests  were  run  under  the  direct  supervision  of  the  writer, 
assisted  by  men  chosen  from  the  engineering  staff  of  The  Babcock  & 
Wilcox  Company.  In  addition  to  the  men  furnished  by  the  Detroit 
Edison  Company,  The  Solvay  Process  Company  provided  a  number 
of  observers.  Their  experimental  engineer,  Lewis  C.  Rogers,  cooper- 
ated in  securing  the  results  and  rendered  most  valuable  assistance. 
Westinghouse,  Church,  Kerr  &  Company  cooperated  in  designing 
apparatus  and  in  making  arrangements  for  the  tests  and  was  repre- 
sented in  the  tests.  The  Solvay  Process  Company  made  heat  deter- 
minations and  analyses  of  the  coal  used  in  each  test,  and  of  the  ashes. 
Duplicate  samples  were  taken  and  the  work  was  done  a  second  time 
in  the  laboratory  of  The  Babcock  &  Wilcox  Company.  The  average 
of  the  results  secured  by  the  two  laboratories  M^as  used  in  working  up 
the  tests.  The  tanks  for  weighing  the  water  had  each  a  capacity  of 
20,000  lb.  Three  such  tanks  and  scales  were  provided,  two  being 
used  regularly  and  the  third  held  for  a  spare  in  case  any  irregularity 
developed  in  either  of  the  other  two.  The  coal  was  weighed  by  means 
of  four  special  scales  carrying  overhead  hoppers,  each  of  about 
2500  lb.  capacity.  The  coal  was  conducted  from  the  regular  chutes 
into  the  hoppers,  which  were  provided  vnth.  hinged  bottoms  held  in 
place  by  latches. 

5  Two  series  of  tests  were  made,  one  on  a  boiler  fitted  with  Roney 
stokers,  the  other  on  a  boiler  fitted  with  Taylor  stokers.  Front 
and  side  views  of  the  former  are  shown  in  Figs.  1  and  2.  Fig.  3  shows 
a  side  view  of  the  boiler  fitted  with  Taylor  stokers.  Four  Roney 
stokers  were  used  in  the  furnace,  two  being  at  the  front  and  two  at 
the  rear  of  the  boiler.  There  was  a  low  division  wall  between  the 
stokers,  and  between  the  two  sets  of  stokers  a  bridge  wall.  The  Taylor 
stokers  had  13  retorts  on  the  front  side  and  13  on  the  rear,  or  26  in  all. 
The  retorts  on  each  side  were  set  in  a  continuous  row  so  as  to  provide 
an  unbroken  fire  surface  from  one  side  of  the  boiler  to  the  other.  There 
was  no  bridge  wall  between  the  stokers,  and  when  the  dumping 
plates  at  the  rear  of  each  of  the  Taylor  stokers  were  covered  with  fuel 
there  was  a  continuous  fuel  bed  beneath  the  entire  boiler.  The  width 
of  the  furnace  from  one  side  to  the  other  of  the  boiler  was  about  26§ 
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FiQ.  1    Fbont  and  Half-Section  of"  Boiler  op  2365  Rated  Horsepower, 
Fitted  with  Roney  Stoker 
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Fig.  2    Longitudinal  Section  of  Boiler  Fitted  with  Roney  Stoker 
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Fig.  3    Longitudinal  Section  of  Boiler  Fitted  With  Taylor  Stoker 
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ft.,  and  the  depth  of  the  furnace  from  the  front  to  the  rear  of  the  boiler 
about  14  ft.  The  height  of  the  furnace,  measured  above  the  dumping 
grates  to  the  top  of  the  first  baffle,  was  about  29  ft.  The  large  fur- 
nace volume  combined  with  the  particular  form  and  height  of  the 
furnace  had  much  to  do  with  obtaining  the  high  efficiencies.  This 
will  be  treated  more  fully  in  Par.  13. 

6  The  boilers  were  built  by  The  Babcock  &  Wilcox  Company. 
Each  boiler  contained  23,654  sq.  ft.  of  effective  boiler  heating  surface 
and  was  provided  with  superheaters  for  supplying  approximately 
150  deg.  of  superheat.  The  grate  surface,  measured  from  the  begin- 
ning to  the  rear  of  the  dumping  grates  was  446  sq.  ft.  for  the  Roney 
stokers  and  405  sq.  ft.  for  the  Taylor  stokers.  This  method  of  meas- 
urement is  not  that  usually  employed  in  determining  the  grate 
surface  of  an  underfeed  stoker,  but  it  was  used  in  order  to  obtain  com- 
parative figures  for  the  two  stokers. 

7  The  design  and  installation  of  the  plant  and  the  general 
arrangement  of  the  boilers  and  piping  were  under  the  charge  of 
Westinghouse,  Church,  Kerr  &  Company.  This  firm  designed  the 
arrangement  of  the  furnace  brickwork  for  both  the  Taylor  and 
Roney  stokers;  supervised  the  construction  and  followed  up  and 
corrected  the  minor  defects  which  developed.  Their  engineering 
work  in  this  connection  involved  the  solution,  on  a  large  scale, 
of  the  problems  which  have  always  been  troublesome  to  furnace 
designers,  and  it  also  involved  the  working  out  of  special  methods 
of  construction  demanded  by  the  exceptionally  high  furnace  tem- 
peratures. The  ability  of  Westinghouse,  Church,  Kerr  &  Company 
to  meet  and  dispose  of  the  furnace  and  stoker  problems  which  were 
anticipated  and  which  arose  was  an  important  factor  in  determining 
both  the  makers  and  the  users  of  boilers  to  undertake  the  new  depar- 
ture. Westinghouse,  Church,  Kerr  &  Company  also  cooperated  in 
working  out  many  of  the  construction  details.  This  work  and  the 
general  arrangement  of  the  apparatus  for  the  tests  was  under  the 
charge  of  Henry  O.  Pond,  to  whom  the  author  is  indebted  for  valuable 
assistance. 

8  In  the  development  of  the  large  units  at  Detroit,  Mr.  Dow 
expected  an  increase  in  economy  due  to  minimizing  the  radiation 
losses,  and  to  the  high  temperature  obtainable  in  the  large  furnaces 
and  combustion  chamber.  He  also  expected  a  reduction  in  the  first 
cost,  not  on  account  of  a  reduced  cost  per  unit  of  boiler  surface,  but 
to  a  less  cost  of  the  settings,  floor  space,  suspension  structures, 
valves  and  piping.  Troubles  through  brickwork  were  anticipated 
and  there  were  troubles  which,  in  the  main,  have  been  overcome. 
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9  Another  most  important  feature  that  had  to  be  considered  with 
so  large  a  boiler  unit  was  the  possibility  of  tube  troubles.  In  dealing 
with  this  point  Mr.  Dow  inferred  that  their  experience  at  the  plant 
with  the  feedwater  used  in  connection  with  boilers  of  a  similar  general 
type,  warranted  the  conclusion  that  they  should  have  practically  no 
trouble  with  the  tubes.  This  has  been  borne  out  by  the  experience 
with  the  boilers  in  actual  service. 

10  Mr.  Dow  credits  his  friend,  Mr.  W.  H.  Patchell,  for  the  first  idea 
of  the  possibilities  of  large  boilers.  The  boilers  and  settings  at  Detroit 
have  no  similarity  to  those  installed  by  Mr.  Patchell,  but  Mr.  Dow 
says  that  to  him  is  due  the  first  conception  of  the  economical  possi- 
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Fig.  4    Results  of  Tests  op  Boiler  with  Roney  Stoker 

bilities  of  the  large  units  and  the  capacity  obtainable  through  utiliz- 
ing the  whole  floor  area  for  the  furnace. 

11  A  resume  of  the  results  obtained  is  given  in  Tables  1  and  2 
in  the  Appendix.  Table  1  contains  the  results  of  tests  of  the  boiler 
run  with  Roney  stokers,  and  Table  2  of  a  boiler  run  with  Taylor 
stokers.     Figs.  4  and  5  show  the  results  of  these  tests  graphically. 

12  It  vnW  be  seen  on  examining  the  tables  and  figures  that  the 
combined  efficiency  of  the  boiler  and  furnace  varies  from  about  80 
per  cent  at  slightly  below  rating,  to  about  76  per  cent  at  double 
rating.  In  obtaining  these  efficiencies,  the  steam  used  for  driving 
the  stokers  and  for  producing  the  forced  blast  for  the  Taylor  stokers 
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has  not  been  deducted  from  the  total  steam  generated  by  the  boiler. 
The  amount  of  steam  used  by  the  Roney  stokers  was  about  1|  per 
cent  of  the  total  steam  generated  by  the  boiler,  and  for  the  Taylor 
stokers  about  2|  to  3  per  cent.  The  effect  that  this  steam  would  have 
on  the  plant  economy  depends  on  the  ability  to  utilize  the  same  for 
heating  the  feedwater.  In  a  plant  where  the  heat  in  the  steam  ex- 
hausted from  the  auxiharies  is  returned  to  the  feedwater  there  would 
be  but  little  loss.  In  the  case  of  the  Taylor  stokers  all  of  the  exhaust 
steam  from  the  turbines  driving  the  forced-blast  fans  may  be  carried  to 
the  feedwater  heater,  whereas  with  the  Roney  stokers  only  about  i 
of  1  per  cent  of  the  1^  per  cent  used  may  be  so  returned,  since  the 
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greater  part  of  the  steam  is  used  in  the  jets  which  supply  steam 
beneath  the  ignition  arches  of  the  stokers,  and  passes  away  with 
the  chimney  products.  In  a  plant  in  which  the  auxiharies  are  elec- 
trically driven,  any  power  to  operate  the  forced-blast  apparatus  would 
be  a  direct  loss  and,  assuming  in  the  case  of  the  Taylor  stoker  that 
the  steam  consumption  corresponding  to  the  current  required  to 
drive  the  electrical  auxiliaries  is  one-half  of  that  found  in  the  tests, 
the  steam  required  to  operate  each  of  the  stokers  would  be  about 
the  same.  It  therefore  follows  that  the  effect  of  the  steam  for  driv- 
ing the  stokers  on  the  station  economy  cannot  be  generalized,  but 
that  each  plant  must  be  considered  by  itself. 
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13  The  efficiencies  secured  are  exceptionally  high,  and  the  ques- 
tion may  be  asked  whether  this  is  due  entirely  to  the  large  size  of 
the  boiler  units.  A  careful  study  of  the  test  data  shows  that  the 
efficiencies  were  obtained  with  the  most  economical  furnace  condi- 
tions and  that  the  thoroughness  with  which  the  fuel  was  consumed 
in  the  furnace  had  much  to  do  with  the  attainment  of  the  high  figures. 
On  examining  Figs.  1,  2  and  3,  showing  the  general  arrangement  of 
the  boilers  and  settings,  it  will  be  seen  that  the  roof  of  the  furnace  has 
an  A  shape,  and  that  the  coal  is  fired  at  the  front  and  rear  of  the  boiler 
setting.  With  this  arrangement,  the  character  of  the  combustion 
may  be  maintained  constant  from  one  side  of  the  boiler  to  the  other, 
and  the  loss  so  often  experienced  through  a  stream  or  lane  of  excess 
air  or  unconsumed  combustible  gases  passing  through  the  boiler  and 
escaping  to  the  stacks  will  be  avoided.  Those  conversant  with  the 
subject  know  that  in  ordinary  boiler  furnaces  there  is  a  great  varia- 
tion in  analj^ses  taken  from  different  points  in  the  path  of  the  flue 
gases  leaving  the  furnace,  whereas  with  the  present  furnace  arrange- 
ment this  action  is  reduced  to  a  minimum,  as  any  irregularity  from 
the  front  to  the  rear  of  the  grates  disappears  before  the  gases  pass 
from  the  upper  part  of  the  combustion  chamber,  and  as  the  composi- 
tion of  the  gases  for  uniform  firing  conditions  will  be  uniform  from 
one  side  of  the  boiler  to  the  other,  or  from  right  to  left  in  Fig.  1,  it 
follows  that  the  composition  of  the  entire  volume  of  the  gases  leav- 
ing the  furnace  vAW  be  substantially  uniform. 

14  A  straight  reference  line  is  drawn  in  Figs.  4  and  5  in  order 
that  the  results  obtained  by  the  two  stokers  may  be  readily  com- 
pared, this  line  being  the  same  on  both  diagrams.  It  will  be  noted 
that  the  test  results  fall  on  both  sides  of  the  line,  and  that  the 
efficiency  obtainable  with  each  stoker  is  about  the  same.  Naturally 
a  curve  should  be  used  instead  of  a  straight  line  to  show  the  varia- 
tion in  the  efficiency,  but  the  accidental  variation  in  the  test  results 
is  such  that  it  would  be  impossible  to  trace  an  exact  curve. 

15  On  examining  Fig.  4,  it  wdll  be  seen  that  the  efficiencies,  where 
several  tests  are  worked  out  together,  including  the  periods  between 
the  tests,  are  only  about  1|  per  cent  lower  than  would  be  indicated 
by  averaging  the  results  for  the  separate  tests  by  passing  a  straight 
line  between  the  points.  The  same  follows  for  the  tests  which  are 
worked  up  together  for  the  Taylor  stoker.  This  shows  that  i  iclud- 
ing  the  periods  between  the  tests,  during  which  the  dust  was  blo^^^l 
from  the  exterior  of  the  tubes  and  the  firing  was  not  watched  as  care- 
fully as  it  was  during  the  tests,  did  not  greatly  lower  the  efficiency. 
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It  was  proposed  at  first  to  run  a  test  of  a  week  or  more  on  each  of 
the  stokers,  but  this  plan  was  abandoned,  since  there  was  trouble 
through  leakage  in  the  feed  pump  which  made  it  necessary  to  shut 
down,  and  on  reconsidering  the  matter  it  was  deemed  advisable  to 
give  up  running  as  long  a  test  as  this  since  it  developed  that  a  week 
would  be  too  long  a  period  to  run  without  blowing  down  the  boilers. 
Test  No.  15,  with  the  Taylor  stoker,  included  a  banking  period  of  7^ 
hours.  It  ■v\all  be  noted  that  the  efficiency  including  the  banking 
period  is  about  75  per  cent.  The  capacity  of  the  boiler  for  each  hour 
of  this  test  is  shown  in  Fig.  6. 

16  It  will  be  seen  (Figs.  4  and  5)  that  the  average  amount  of 
steam  used  for  driving  the  Roney  stoker  was  about  1^  per  cent  at 
all  loads,  and  that  it  varied  from  about  2|  per  cent  at  rating  to  about 
3  per  cent  double  rating  for  the  Taylor  stoker.     Saturated  steam 
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6    Capacity  of  Boiler  with  Taylor  Stoker  for  each  Hour  of  a 
Test  where  the  Fires  were  Banked  for  1\  Hours 

from  another  boiler  was  used  for  driving  the  auxiliaries.  The  satu- 
rated steam  was  reduced  to  its  equivalent  weight  of  superheated  steam 
in  determining  the  percentages  above  given. 

17  The  minimum  length  of  a  regular  test  was  24  hours.  The 
efficiency  for  a  test  of  16^  hours  is  plotted  in  one  diagram.  In  this 
particular  test  a  special  coal  was  used  which  ran  out  and  thus 
brought  the  test  to  a  close.  Some  of  the  tests  were  of  48  hours'  dura- 
tion and  over.  A  continuous  record  was  kept  and,  as  stated  in  Par. 
15,  the  efficiency  was  determined  for  periods  embracing  several  of  the 
tests  including  the  intervals  between  them.  Intervals  were  selected 
from  some  of  the  tests  and  were  worked  up  to  obtain  comparative 
results.  Figures  derived  in  this  way  are  given  in  Table  3,  and  it 
will  be  noted  that  there  is  a  substantial  agreement  between  the  results 
secured  in  the  regular  tests  and  the  results  for  the  selected  intervals. 
It  must  not  be  inferred  from  this  that  sufficient  accuracy  would 
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be  secured  by  shortening  the  length  of  the  tests.  The  tests  reported 
in  this  paper  were  made  after  a  painstaking  series  of  preliminary- 
tests  with  both  of  the  stokers,  and  the  operators  were  well  trained  in 
maintaining  uniform  conditions.  Twenty-four  hours  is  none  too 
long  an  interval  for  obtaining  accurate  results  ^^dth  an  underfeed 
stoker  of  the  class  tested,  as  one  can  readily  appreciate  when  the 
fact  is  called  to  his  attention  that  the  generation  of  steam  will 
continue  after  no  more  coal  is  fed  to  the  furnace  with  but  little 
difference  in  the  appearance  of  the  fire.  There  is  no  method  whereby 
the  fire  can  be  measured  except  by  sizing  it  up  by  the  eye,  as  one 
must  form  an  estimate  of  the  amount  of  clinker  present.  One  of 
the  operators  at  the  plant  was  earnest  in  his  opinion  that  the  fires 
as  balanced  up  by  the  author  for  the  Taylor  stoker  contained  from  2| 
to  5  tons  more  coal  at  the  end  of  a  test  than  at  the  beginning,  a 
contention  that  was  shown  beyond  doubt  to  be  in  error  by  the  heat 
balances.  This  goes  to  show  how  far  the  estimates  of  the  amount  of 
coal  may  affect  the  results  and  that  consequently  there  is  great 
danger  of  obtaining  erroneous  figures  in  short  tests.  That  an  error 
in  estimating  the  fire  may  cause  a  considerable  error  in  a  short  test 
is  exemplified  in  test  No.  13  where,  on  account  of  a  leakage  at  the 
feed  pump,  it  was  necessary  to  shut  down  after  running  11^  hr.  The 
author  was  not  present  to  make  the  final  coal  balance,  and  it  will  be 
noted  that  the  efficiency  is  several  per  cent  higher  than  it  should  be  on 
the  basis  of  the  more  accurate  tests,  and,  further,  that  the  efficiency 
secured  would  not  have  the  proper  margin  for  radiation,  etc.,  in  a 
heat  balance.  Where  the  fire  may  be  kept  in  a  comparatively  uni- 
form condition,  as  in  the  Roney  stoker,  it  might  seem  that  the  tests 
could  be  shortened,  but  even  in  such  cases  the  author  is  in  favor  of 
making  24-hour  tests. 

18  Great  care  was  taken  to  prevent  the  possibility  of  leakage 
affecting  the  tests.  All  fittings  where  there  might  be  leakage  were 
either  blanked  off  or  two  valves  were  provided  with  an  open  drip 
between  them.  The  boilers  were  tested  with  hydraulic  pressure 
both  before  and  after  the  tests.  Special  leakage  tests  were  also  made 
in  which  the  hot  boilers  were  completely  filled  with  water  and  the 
full  pressure  maintained  on  the  boilers  and  feed  mains,  and  in  each 
case  there  was  no  leakage  indicated  in  tests  of  several  hours'  duration. 

19  Tables  4  and  5  give  the  average  analyses  of  the  flue  gases.  It 
will  be  seen  that  the  furnace  efficiency  was  exceptionally  high  for 
both  of  the  stokers. 

20  Tables  6  and  7  give  the  analyses  of  the  coal  and  the  heats  of 
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combustion  as  determined  in  the  laboratories  of  The  Solvay  Process 
Company  and  The  Babcock  &  Wilcox  Company,  as  well  as  the 
average  figures  used  in  computing  the  results  of  the  tests. 

21  Table  8  gives  a  comparison  of  the  results  secured  for  the  heat 
of  combustion  of  the  coal  as  determined  in  The  Solvay  Process  Com- 
pany laboratory  and  in  the  laboratory  of  The  Babcock  &  Wilcox 
Company.     In  this  table  the  values  arc  worked  out  per  pound  of 


Fig.  7     Special  Apparatus  for  Weighing  Fbedwater 

combustible,  the  percentage  of  ash  in  each  case  being  that  determined 
by  the  individual  laboratory.  The  heat  of  combustion  per  pound 
of  combustible,  computed  from  the  results  of  the  ultimate  analyses 
made  by  the  two  laboratories,  is  given,  and  it  may  be  seen  that  the 
figures  obtained  by  the  oxygen-bomb  calorimeter  correspond  very 
closely  with  the  computed  ones.  The  coal  samples  were  obtained 
by  taking  a  small  amount  of  coal  each,  time  it  was  weighed  and  plac- 
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ing  it  in  a  covered  air-tight  receptacle.  Smaller  samples  for  the 
two  laboratories  were  obtained  independently  from  the  large  sample 
of  coal  collected  during  the  test  and  the  results  of  the  two  labora- 
tories were  therefore  influenced  by  any  variation  in  the  smaller  sam- 
ples. 

22  Tables  9  to  11,  inclusive,  contain  the  average  test  data  and 
computed  results  for  the  tests  with  the  Roney  stoker,  and  Tables 
12  to  14,  inclusive,  the  average  test  data  and  computed  results  for 
the  tests  with  th(^  Tavlor  stoker. 


Fig.  8    Special  Apparatus  for  Weighing  Feedwater 

23  Tables  15  and  16  give  the  results  of  heat  balances.  Two  sets 
of  heat  balances  were  made,  one  applying  to  the  gases  after  they 
left  the  boiler  dampers,  and  the  other  to  the  gases  at  the  top  of  the 
second  pass  directly  beneath  the  boiler  dampers.  The  analyses  of 
the  gases  after  leaving  the  boiler  dampers  were  made  with  an  Orsat 
apparatus,  the  samples  of  gas  being  obtained  from  the  middle  points 
of  the  flues.  The  temperature  of  the  gases  directly  beneath  the  boiler 
dampers  at  the  top  of  the  second  pass  was  determined  by  means  of 
electrical  couples,  two  sets  being  used  at  each  side  of  the  boiler. 
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The  analyses  of  the  flue  gases  at  this  point  were  made  by  a  Hempel 
apparatus,  an  average  sample  being  obtained  by  drawing  the  gas  from 
six  points  at  the  front  and  six  points  at  the  rear  of  the  boiler.  The 
gas  was  drawn  through  the  collecting  piping  with  an  aspirator,  and 
a  sample  of  the  mixed  gases  was  drawn  into  a  collecting  bottle  for 
analysis.  In  order  to  make  sure  that  the  same  weight  of  gas  entered 
each  of  the  six  sampling  tubes,  a  throttling  cock  was  adjusted  to 
make  the  suction  on  each  tube  a  given  amount,  as  indicated  by  a 


Fig.  9    Special   Hoppers   and   Coal-Weighing   Scales* 

water  gage.  The  Hempel  apparatus  was  also  used  in  the  way  just 
described  for  analyzing  the  gases  at  the  bottom  of  the  second  pass. 
The  apparatus  for  obtaining  the  average  samples  was  constructed 
by  The  Solvay  Process  Company. 

24  The  results  of  the  heat  balances  show  that  the  average  radia- 
tion and  unaccounted-for  losses  are  only  about  2|  to  3  per  cent. 
There  is  naturally  a  variation  one  way  or  the  other  due  to  accidental 
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errors,  but  the  results  are  as  uniform  as  could  be  expected  in  work 
of  the  sort. 

25  Preliminary  tests  were  first  made  on  the  boiler  with  the  Tay- 
lor stoker.  The  apparatus  was  then  shifted  and  preliminary  tests 
were  made  on  the  boiler  with  the  Roney  stoker.  A  careful  study  of 
the  operating  conditions  for  the  best  economy  was  made  in  the  pre- 
liminary tests.  The  results  of  the  regular  tests  only  are  given  in 
this  paper. 


Fig.  10    Special  Condenser  and  Weighing  Apparatus  for  Determining 
Quantity  of  Steam  used  by  Stoker  Auxiliaries 

26  Readings  of  temperatures,  pressures,  etc.,  were  taken  every 
half  hour.  The  water  was  balanced  each  hour.  The  coal  weighed 
per  hour  and  supplied  to  the  hoppers  was  balanced  each  hour  and 
recorded,  but  no  attempt  was  made  to  obtain  a  correct  coal  balance 
except  at  the  beginning  and  ending  of  the  tests,  as  this  necessitated 
running  the  coal  quite  low  in  the  hoppers  of  the  stokers.     As  soon  as 
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the  data  were  taken,  a  copy  was  made  on  a  large  sheet  in  the  boiler 
room,  so  that  those  conducting  the  tests  could,  at  a  glance,  note 
whether  the  conditions  were  uniform.  Marks  and  Davis  steam  tables 
were  used  in  working  up  the  results. 

27  Two  views  of  the  special  apparatus  erected  for  weighing  the 
feed  water  are  shown  in  Figs.  7  and  8.  Water  from  the  heater  was 
elevated  by  means  of  a  centrifugal  pump  specifically  provided  for 
the  purpose  and  discharged  into  tanks  supported  on  special  plat- 
form scales.  Two  of  these  tanks  appear  in  Fig.  8,  the  third  being 
in  the  shadow  of  the  building.  The  men  weighing  the  water  were 
protected  from  the  weather  by  a  rough  housing  placed  above  the 
level  of  the  tanks,  the  scale  beams  being  inside  this  housing.  The 
water  from  the  tanks  ran  into  two  lower  horizontal  tanks,  one  of 
which  is  plainly  visible  in  Fig.  7.     The  lower  tanks  were  provided 
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Equivalent  Evaporaciuu  from  and  at  21'i  Deg.  per  Sq.  Ft.ol  Heating  Surface  per  Hr. 
+Curve  Dotted  for  Evaporations  of  over  11  Lbs.  where  there 
are  not  enough  Foiuts  to  Determine  the  exact  form. 

Fig.  11     Comparison  OF  Results  WITH  THOSE  PROM  A  B.  &  W.  Marine  Boiler 

with  gage  glasses  and  the  water  was  brought  to  an  accurate  level 
every  hour.  The  water  from  the  lower  tanks  was  pumped  directly 
into  the  boilers  by  one  of  the  regular  centrifugal  feed  pumps  used 
at  the  plant.  Any  leakage  in  the  glands  of  the  pump  was  caught  and 
returned  to  the  large  horizontal  tanks  by  a  small  centrifugal  pump. 
Two  of  the  special  hoppers  and  a  portion  of  the  coal-weighing  scales 
arc  shown  in  Fig.  9.  Fig.  10  shows  a  special  condenser  and  weighing 
apparatus  erected  for  determining  the  amount  of  steam  used  by  the 
stoker  auxiliaries.  All  scales  were  accurately  calibrated  to  their 
full  capacity  before  and  after  the  tests  of  each  of  the  boilers  by  means 
of  standard  weights. 

28  In  order  to  compare  the  results  with  others  where  high  effi- 
ciencies have  been  secured.  Fig.  11  is  presented.  In  this  figure  the 
straight  line  shown  in  P'igs.4  and 5  is  transferred  and  marked,  Average 
for  Tests  of  Detroit  Boiler.     The  plotted  results  for  individual  tests 
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shown  in  Fig.  7,  are  for  tests  made  by  a  Board  of  United  States  Naval 
Officers  on  a  hand-fired  Babcock  &  Wilcox  marine  boiler  and  re- 
ported in  the  Journal  of  the  American  Society  of  Naval  Engineers, 
November  1910.  By  combining  the  results  secured  with  the  two 
boilers  it  will  be  seen  that  the  efficiency  varies  from  about  80  per  cent 
at  an  evaporation  of  3  lb.  per  sq.  ft.  of  heating  surface  per  hour  from 
and  at  212  deg.  fahr.  to  76  per  cent  at  7  lb.,  72  per  cent  at  10  lb. 
and  60  per  cent  at  14.7  lb.  It  therefore  follows  that  if  the  perfor- 
mance of  the  two  boilers  could  be  combined,  a  boiler  could  be  run 
from  about  80  per  cent  of  the  ordinary  rating  to  over  four  times  this 
rating,  and  for  most  classes  of  central  power-plant  service  it  would 
be  possible  to  run  all  of  the  boilers  in  the  plant  all  of  the  time,  thus 
eliminating  the  loss  occasioned  through  having  to  carry  a  number  of 
boilers  under  banked  fires.  The  writer  is  now  working  on  the  devel- 
opment of  a  boiler  of  this  sort. 


APPENDIX 

TABLES  GIVING  DATA  AND  RESULTS  OF  TESTS 
TABLE  1    TESTS  WITH  RONEY  STOKER.    R^SUMfi  OF  PRINCIPAL  RESULTS 


Per  Cent 

Per  Cent 
Steam  used 

Per  Cent 

Temp,  of 
Flue  Gases 

No.  of 
Test 

Length, 
Hr. 

Per  Cent 
Rating 

B.t.u.  In 
Coal 

14362 

Ash  In 
Dry  Coal 

Efficiency 

by  Stoker 

Engines 

and  Steam 

Jets 

Combusti- 
ble In  Ash 

Leaving 

Boiler, 

Deg.  Fahr. 

1 

25 

105.0 

5.98 

77.84 

19.6 

576 

2 

24 

80.0 

14225 

6.52 

79.88 

17.9 

480 

8 

24 

113.8 

14308 

7.40 

77.45 

0.63 

24.4 

542 

4 

30 

152.4 

13756 

6.54 

75.78 

1.58 

30.8 

670 

5 

24 

94.0 

13896 

6.89 

81.15 

1.75 

31.6 

483 

6 

24 

150.7 

14037 

6.13 

75.28 

1.45 

26.7 

662 

IS 

32 

98.6 

14476 

9.68 

80.98 

1.34 

34.1 

460 

17 

16  5 

193.3 

14493 

8.24 

76.73 

1.39 

24.6 

636 

18 

24 

195.7 

13689 

9.81 

75.57 

1.32 

23.2 

694 

2-4t 

90 

119,8 

14098 

6.81 

76.13 

25.8 

572 

5-6t 

55 

127.3 

13977 

6.84 

76.23 

29.4 

575 

t  Including  periods  between  tests. 


TABLE  2    TESTS  WITH   TAYLOR   STOKER.    RfiSUMfi   OF   PRINCIPAL  RESULTS 


No.  of 
Test 

Length, 
Hr. 

Per  Cent 
Rating 

B.t.u.  in 
Coal 

14000 

Per  Cent 

Ash   In 

Dry  Coal 

Efficiency 

Per  Cent 
Steam  used 
1  by  Stoker 
Auxiliaries* 

Per  Cent 
Combusti- 
ble In  Ash 

Temp,   of 

Flue  Gases 

Leaving 

Boiler, 

Deg.   Fahr. 

7 

24 

151.2 

7.03 

77.07 

2.61 

31.5 

575 

8 

24 

107.9 

13965 

6.34    1 

80.28 

2.44 

27.1 

493 

9 

50 

162.8 

13998 

6.75 

77.85 

2.87 

31.3 

574 

10 

48 

92.9 

14188 

9.90 

77.90 

2.63 

27.2 

487 

11 

26.5 

211.3 

14061 

9.65 

75.84 

3.41 

36.1 

651 

12 

48 

121.3 

14010 

8.09 

79.24 

2.57 

27.6 

535 

14 

24 

185.2 

14272 

8.71 

76.42 

2.95 

28.8 

647 

15t 

24 

123.1 

14213 

8.34 

74.90 

2.77 

30.1 

561 

7-9t 

109 

140.0 

13983 

7.22 

77.66 

2.68      . 

29.9 

545 

10-llt 

80.5 

132.8 

14095 

9.58 

I 

75.66 

3.04 

31.1 

542 

•  Engines  driving  stokers  and  steam  turbine  driving  fan. 

t  In  teat  No.  15  the  fires  were  banked  for  7i  hr.  and^the  averages  Include  this  period. 

{  Including  periods  between  tests. 
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TABLE  3    TESTS  WITH  TAYLOR  STOKER 

Results  of  Regular  Tests  CoirPARED  with  Results  for  Intervals,  Selected  from  the 

Regular  Tests,  and  Results  for  a  Short  Test  where  the  Coal  on 

Gr.\.te8  was  not  Accurately  Balanced 


lOA 

to 

114 

11 

12A 
125 
12 
13 


Date  of  Trial  and  Time 


6-8,  1  p.m.  to  6-9,  1  p.m. 
6-7,  4  p.m.  to  6-9.  4  p.m. 
6-10,  10.30  a.m.  to  10.30 

p.m , 

6-9.  10  p.m.  to  6-11, 12.30 

a.m 

6-12,  3  p.m.  to  6-13,  3  p.m. 
6-13,  3  p.m.  to  6-14,  3  p.m. 
6-12,  3  p.m.  to  6-14.  3  p.m. 
6-i4,  9  p.m.  to  6-15,  8.30 

a.m 


24 
48 

12 

26.5 
24 
24 
48 


94.4 
92.9 

214.8 

211.3 
117  0 
125.5 
121.3 


11.5    i    203.2 


14250 
14188 

14049 

14061 
14027 
13994 
14010 

14056 


mm  <P 


US  g 


9.84 

77.63 

2.64 

9.90 

77.90 

2.63 

10.48 

76.18 

3.66 

9.55 

75.84 

3.41 

7.73 

79.21 

2.52 

8.45 

79  19 

2.62 

8.09 

79.24 

2.57 

8.11 

79. 6t 

3.29 

ri  -    fa  >Q 


d 


S2 

Pi 


26.9 
27.2 

36.1 

36.1 
29.7 
25.4 
27.6 

35.3 


C   =5   C    cij 

gOPQfe 


489 

487 


651 
514 
555 
535 

641 


1  EflSclency  inaccurate  on  account  of  error  in  estimating  the  amount  of  coal  on  the  grate  at  the 
end  of  the  test. 


TABLE  4    FLUE  GAS  ANALYSES— RONEY  STOKER 


No.  of 

Bottom  of  Last  Pass 

Top 

OF  Last  Pass 

In  Flub 

Test 

CO2 

0 

CO 

COj 

0 

CO 

CO, 

0 

CO 

1 

13.22 

5.29 

0.00 

12.41 

6.48 

0.00 

11.95 

7.55 

0.05 

2 

15.18 

3.00 

0.06 

14.31 

4.01 

0.07 

14.33 

4.54 

0.11 

3 

14.50 

3,50 

0.09 

12.25 

6.12 

0.02 

13.05 

6.46 

0.18 

4 

14.45 

3.44 

0.35 

13.51 

4.68 

0.20 

14.74 

3.96 

0.54 

5 

15.65 

2  27 

0.25 

14.68 

3.40 

0.20 

14.40 

4.54 

0.35 

S 

14.77 

3.23 

0.20 

14.28 

3.87 

0.15 

14.66 

4.23 

0.31 

16 

13.82 

4.88 

0.00 

13.82 

4.88 

0.00 

13.55 

5.92 

0.07 

17 

14.25 

4.06 

0.40 

13.98 

4.48 

0.25 

14.69 

4.55 

0.20 

18 

14.16 

5.04 

0.16 

TABLE  5    FLUE  GAS  ANALYSES— TAYLOR  STOKER 

No.  of 

i 

Bottom  of  Last  Pass 

Top 

OP  Last  Pass 

In  Flue 

Test 

CO, 

0 

CO 

CO, 

0 

CO 

CO, 

0 

CO 

7 

15.46 

2.83 

0.08 

12.16 

6.64 

0.00 

14.00 

5.50 

0.42 

8 

15.04 

3.35 

0.02 

12.74 

5.83 

0.01 

13.69 

5.82 

0.10 

9 

15.84 

2.40 

0.03 

13.88 

4.62 

0.02 

14.74 

4.57 

0.12 

lOA 

13.40 

5.38 

0.00 

12.09 

6.79 

0.00 

12.05 

7.74 

0.06 

10 

13.14 

5.59 

0.00 

11.91 

6.96 

0.00 

11.86 

7.96 

0.06 

UA 

16.50 

1.55 

0.24 

15.18 

3.01 

0.17 

15.39 

3.98 

0.13 

11 

15.25 

2.92 

0.25 

14.62 

3.30 

0.21 

15.45 

3.86 

0.17 

12A 

14.85 

3.61 

0.00 

13.30 

5.30 

0.00 

13.73 

5.81 

0  04 

12B 

14.80 

3.59 

0.00 

13.27 

5.41 

0.00 

13.86 

5.64 

0.04 

12 

14.83 

3.59 

0.00 

13.23 

5.35 

0.00 

13.79 

5.73 

0.04 

13 

15.43 

2.96 

0.09 

13.85 

4.65 

0.37 

15.17 

3.90 

0.19 

14 

15  07 

3.33 

0.17 

12.90 

5.67 

0.06 

14.20 

5.08 

0.08 

15 

11.70 

7.16 

0.12 

10.35 

8.79 

0.01 

10.83 

8.93 

0.09 

1457 
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TABLE  6    RONEY    STOKER. 


COAL    AND    ASH    ANALYSES,    PERCENTAGES    BY 
WEIGHT 


Froximatb  Analysis 
Coal 

OF 

1 

a 

3 

PQ 

0 

< 
a 

s 

Ultimate  Analysis  of  Dry  Coal 

No.  of  Test 

.1-2 

IS 

o 

JS 

C 

H 

0 

N 

S 

A=h 

f-S 

59.50 

35.24 

1.82 

5.26 

14369 

18.04 

23.37 

80.35 

5.22 

7.03 

0.96 

0.88 

5.56 

1*    B 

63.69 

31.15 

2.17 

5.16 

14354 

21.27 

24.39 

78.67  6.15     7.76 

1.20 

1.06 

5.16 

U 

61.59 

33.19 

2.00 

5.22 

14362, 

19.65 

23.88 

79.51  5.69  '  7.39 

1.08 

0.97 

5.36 

f^.fs 

59.44 

34.08 

:''l.30 

6.48 

14225! 

15.56 

24.37 

79.45  5.15     6.36 

1.06 

1.08 

6.90 

2^5 

63.55 

30.31 

^2.36 

6.14 

142241 

20.23 

23.93 

77.69 

6.04     7.67  1  1.17 

1.29 

6.14 

u 

61.49 

32.19 

1.83 

6.32 

14225' 

17.90 

24.15 

78.57 

5.60    7.02  '  1.11 

1.18 

6.52 

f-s 

59.31 

34.95 

1.58 

5.74 

14400 

29.72 

21.96 

80.73 

5.30     5.56     1.06 

1.00 

6.35 

3  \b 

61.01 

32.78 

1.83 

6.21 

14215 

19.18 

20.56 

76.80 

6.10    8.61     1.19 

1.09 

6.21 

u 

60.16 

33.86 

1.71 

5.98 

14308 

24.45 

21.26 

78.76 

5.70  i  7.09  i  1.13 

1.04 

6.28 

f^ 

58.01 

33.98 

1.94 

8.01 

13529 

32.84 

22.44 

77.21 

4.89     7.02     1.15 

0.94 

8.79 

4    B 

62.89 

31.13 

1.66 

5.98 

13984 

28.76 

23.46 

76.42 

5.67  1  9.80     1.04 

1.09 

5.98 

U 

60.45 

32.56 

1.80 

6.99 

13756 

30.80 

22.95 

76.81 

5.28  1  8.41     1.10 

1.02 

7.38 

S 

58.56 

34.83 

1.52 

6.61 

13747 

28.63 

23  23 

79.14 

4.72     6.51     1.13 

1.42 

7.03 

5]b 

62.73 

32.23 

2.08 

5.04 

14045 

34.50 

26  86 

74.74 

5.98     9.92  '  1.09 

1.34 

6.9Z 

.^ 

60.65 

33.53 

1.80 

5.82 

13896 

31.57 

25.05 

76.94 

5.35     8.22  1  1.11 

1.38 

7.00 

f-S 

60.02 

33.40 

2.35 

6.58 

13572 

24.94 

23.04 

79.14 

4.85     6.65     1.15 

1.18 

7.0J 

6^B 

62.17 

33.23 

2.09 

4.60 

14501 

28.54 

23.65 

79.68 

6.34  ;  7.62  ,  1.22 

1.11 

4.0J 

u 

61.10 

33.31 

2.22 

5.59 

14037 

26.74 

23.34 

79.41 

5.60     7.14  '  1.18 

■    ! 

1.14 

5.53 

f^ 

63.57 

27.81 

2.78 

8.62 

14155 

38.82 

15.79 

79.95 

5.31 

4.36  '  1.25 

0.64 

8.49 

16 -^B 

66.94 

27.84 

2.47 

5.22 

1479'/ 

29.33 

78.86 

5.72 

8.36  1  1.04 

0.80 

5.22 

A 

65.25 

27.83 

2.62 

6.92 

14476 

34.08 

15.79 

79.41 

5.51 

6.36 

1.15 

0.72 

6.85 

S 

63.29 

28.76 

2.28 

7.95 

14265 

28.25 

16.67 

80.98 

5.37 

3.49 

1.27 

0.61 

8.2$ 

17  ]b 

66.49 

27.70 

2.62 

5.81 

14721 

20.96 

12.08 

81.25 

5.65 

5.27  i  1.10 

0.92 

5.81 

A 

64.89 

28.23 

2.45 

6.88 

14493 

24.61 

14.38 

81.12 

5.51     4.38     1.18 

0.77 

7.04 

S 

57.36 

31.63 

2.06 

11.01 

13385 

25.29 

17.33 

75.74 

5.09     5.27  i  1.12 

1.17 

11.61 

18  ]b 

62.30 

29.75 

2.28 

7.95 

13993 

21.08 

14.68 

77.44 

5.43     7.18  i  0.99 

1.01 

7.95 

A 

59.83 

30.69 

2.17 

9.48 

13689 

23.19 

16.01 

76.59 

5.20  1  6.22  ^  1.06 

1.09 

9.78 

58.81 
62.18 
60.50 

34.38 
31.53 
32.95 

1.61 
1.90 
1.75 

6.81 
6.29 
6.55 

14042 
14155 
14098 

27.04 
24.54 
25.79 

22.80 
22.92 
22.86 

2-4t  ]S 
A 

............ 

"''j'*'"'' 

s 

59.14 
62.35 
60.74 

34.22 
32.77 
33.50 

1.95 
2.08 
2.01 

6.64 
4.88 
5.76 

13677 
14277 
13977 

27.32 
31.52 
29.42 

23.18 
23.00 
23.09 

1 

5-6t  SB 



* 

[a 

1 

1 

J 

*  iS,  Determined  by  The  Solvay  Process  Co.;  B,  Determined  by  TheBabcock  &  Wllco.x  Co.;  A, 
Average  used  in  working  up  results. 

t  Includes  periods  between  tests  and  figures  are  based  on  analyses  of  all  of  the  coal  u.ved. 
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TABLE  7    TAYLOR  STOKER. 


COAL  AND  ASH  ANALYSES,  PERCENTAGES  BY 
WEIGHT 


No.  of  Test 


E 

S-JB 

S 
B 

[A 

\S 
\QA  iB 

u 

10  ]e 

[a 

\' 

u 
\' 

11  \B 

u 

nA  \b 

u 
\' 

V2B  i  B 

12  \b 
U 

14  ]B 

u 


15  iB 

u 

..tJB 

10-llt  iB 

[A 


Proximate  analysis  of 
Coal 


Tl  O 
^  IS 


5^ 


60.27 

62.09 
61,18 

59.63 
63.64 
61.63 

58.34 
61.25 
59.80 

59.95 
60.32 
60.14 

58.98 
60.26 
59.62 

57  79 
60.32 
59.06 

58.80 
62  36 
60.58 

57  59 
62.10 
59.84 

60.05 
63.62 
61.84 

58.82 
62.86 
60  84 

60.18 
62.89 
61.54 

59.82 
63.24 
61.53 

61.30 
62.99 
62.14 

59.18 
61.70 
60.44 

58.82  ' 

61.07 

59.95 


34.88 
31.35 
33.11 

33.76 
31.15 
32.46 

33.29 
32.63 
32.96 

33.54 
33.92 

33.73 

34.17 
33.97 
34.07 

35.39 
33.75 
34.57 

34.49 
32.47 
33.48 

33.38 
32.32 
32.85 

33.74 
31.37 
32.55 

33.56 
31.84 
32.70 

33.16 
31.92 
32.54 

34.34 
32.09 
33.21 

33.24 
31.75 
32.50 

33.65 
32.19 
32.92 

34.12 
33.19 
33.65 


1.70 

2.13 
1.91 

1.78 
2.04 
1.91 
2.12 
2.13 
2.12 

1.71 
2.10 
1.90 

1.92 
2.20 
2.06 

1.76 
2.04 
1.90 

1.70 
2.10 
1.90 

1.90 
2  07 
1.98 

1.76 
2.06 
1.91 

1.83 
2.06 
1.95 

1.79 
2.06 
1.92 

2.00 
1.80 
1.90 

1.97 
2.38 
2.18 

1.95 
2.11 
2.03 

1.90 
2.20 
2.05 


4.85 
6.56 
5.71 

6.61 
5.21 
5.91 

8.37 
6.12 
7.24 

6.51 
5.76 
6.13 

6.85 
5.77 
6.31 

6.82 
5.93 
6.37 

6.71 
5.17 
5.94 

9.03 
5.58 
7.31 

6.21 
5.01 
5.61 

7.62 
5  30 
6.46 

6.66 
5.19 
5.92 

5.84 
4.67 
5.26 

5.46 
5.26 
5.36 

7.17 
6.11 
6.64 

7.06 
5.74 
6.40 


142401  31.54|  22.12 

13759| .. 

14000j  31.54  22.12 

14009  27.07  49.36 

13920   

139651  27.07'  49.36 

13769  35.46  40.79 


Ultimate  Analysis  of  Dry  Coal 


79.90 
76.95 
78.42 


5.06  !  7.71  1.16 
6.05  8.79  1.02 
5.56     8.25     1.09 


78.91  5.13     6.87 

75.48  5.52  11.24 

77.19  5.33     9.05 

I 

78.25;  4.80 


6.33 

14227!  27.16  32.00;  77.04;  5.64  !  9.14 
1399S  31.31  36.40  77  64  5.22    7.74 

13892|  28.83  18.61... 
14607j  24.90  20.75J... 
14250'  26.87  19.68!... 


1.05 
1.18 
1.12 

0.99 
1.12 
1.05 


29.07  19.51|  79.28;  5.14 
25.42  20.42!  78.76|  5.85 
27.25   19.97  79.021  5.50 

37.63;  18.58 j 

34.62  18.761... 
36.13   18.67'... 


13876 

14500 

14188 

I 

138621 

14235 1 
14049 

13889; 
14232 
140611 

13585 
14469 
14027 

13996  28.26'  15.43 

13991'  22.54    16.16J | 

13994   25.40   15.80* | 

I 
13790  29.94   15.60!  78.891  5.10 

14230  25.15:  22.1Sj  76.0o|  5  81 

14010  27.55'  18.90J  77.44  5.46 

14141  41.61   16.00 

13970  29.10  16.30 

14056   35.3c    16.15; 

14111  32.75 


6.27  1.19 
7.57  1.13 
6.92     1.16 


1.03 
0.97 
1.00 

1.15 
1.37 
1.26 

1.22 
0.93 
1.08 


1.11 
0.92 
1.01 


37.63  18.58  79.89  4.86  1  6.36 

34.62  18.76|  77.44  5.80  |  9.30 

36.13  18.67  78.66  5.33  I  7.83 
I  I 

31.62  15.77; j.- 

27.76  28.20 1 i 

29.69  21.99 


1.18 
1.13 
1.16 


0.90 
1.06 
0.98 


5.83 
10.79 
8.31 


13.70  80.73  5.10 

I4433I  24.92  14.7l|  76.80J  5.71 

14272  28.84  14.211  78.77  5.41 

14231   32.27  23.08 

14194  28.77  19.88 

14213  30.52  21.48 

13900  32.12  36.72 

14067  27.82  29.11 

13983  29.97  32.91 

13830  32.65  19.17 

14361   29.49  19.92! 

14095  31.07  19.54 


Aah 


5.14 
6.21 
5.68 

6.89 
5.21 
6.05 

8.41 
6.13 
7.27 


7.01 
5.77 
6.39 


6.81 
5.27 
6.04 


1.30  1  1.13  7.75 
1.06  !  1.05  5.29 
1.18  '  1.09     6.52 


6.03j  1.27  1.01  5.86 
10.14!  1.02  1.01  5.32 
8.08  1.14     1.01     5.59 


*S  Determined  by  The  Solvay  Process  Co.;  B,  Determined  by  The  Babcock  &  Wilcox  Co.;  A, 
Average  used  in  working  up  results. 
t  Includes  periods  between  testa  and  figures  are  based  on  the  analyses  of  all  of  the  coal  used. 
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TABLE  8    COMPARISON  OF  THE  HEATS  OF  COMBUSTION  OF  THE   COAL   DETER- 
MINED BY  THE  SOLVAY  PROCESS  COMPANY  AND  THE  BABCOCK  & 
WILCOX  COMPANY 


B.T.u.  PER  Lb.  of 

Ash  in  Coal  by 

B.T.u.  per 

Lb.   op 

B.T.u.  PER  Lb.  oip 
Combustible  prom 
Ultimate  Anal.I 

Test  No. 

Dry  Coal* 

Proximate  Analysis 

Combustible 

Solvay 

B.&W. 

Solvay 

B.&W. 

Solvay 

B.&W. 

Solvay 

B.&W. 

1 

14369 

14354 

5.26           6.16 

15167 

15135 

15308 

15542 

2 

14225 

14224 

6.48           6.14 

15211 

15154 

15413 

15497 

3 

14400 

14215 

5.74           6.21 

15277 

15156 

15677 

15322 

4 

13529 

13981 

8.01           5.98 

14707 

14873 

15125 

14844 

5 

13747 

14045 

1         6.61           5.04 

14720 

14790 

15103 

14939 

6 

13572 

14501 

6.58           4.60 

14528 

15200 

15159 

15648 

7 

14240 

13759 

1         4.85      I      6.56 

14966 

14725 

15021 

15291 

8 

14009 

13920 

6.61           5.21 

15000 

14685 

15266 

14381 

9 

13769 

14227 

8.37           6.12 

15027 

15154 

15233 

14988 

10 

13S76 

14500 

6.85 

5.77 

14896 

15388 

15400 

15463 

11 

13889 

14232 

6.71 

5.17 

14888 

15008 

15257 

15011 

12 

13790 

14230 

7.62 

5.30 

14927 

15026 

15472 

14682 

14 

14111 

14433 

5.84 

,4-67. 

.  14986 

15140 

15427 

14793 

16 

14155 

14797 

8.62 

5.22 

15490 

15612 

16007 

15240 

17 

14265 

14721 

7.95 

5.81 

15497 

15629 

16244 

15910 

18 

13385 

13993 

11.01 

7.95 

15041 

15202 

15663 

15378 

Gen.  Avg. 

13960 

14259 

7.07 

5.68 

15020 

15117 

15423 

15183 

•  Secured  with  an  oxygen  bomb  culorlmeter. 

t  From  formula  B.t.u.  =  14600  C  +  62000  {H  -  ^  \+  4000  S 
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TABLE  9    RONEY  STOKER  TEST  DATA 


Steam  Pres- 

1 

Average 

sure  by 
Gage,  Lb. 

Draft, 
In.  op 

Temperature, 

Deg. 

Fah 

R. 

£ 

PER  Sq. 

In. 

£.2 

Water 

1 

Q. 

i 

fl 

bl 

a 

M 

« 

u 

0. 

"« 

M 

A 

Cl,  O 

« 

go 

t 

S? 

?? 

PQ 

^V, 

h 

3 

^ 

H 

p 

0) 

a 

3 

% 

m  Mm 

CO 

CO 

cl 

fen 
c 
> 

o 

tSSJH 

C  3 

(5 

6 

"o 
P 

o 
n 
o 

2 

3 

Q 

I 

a 

m 

M 

m 

c 

1 

.2  d 

A 

.2  E 

a 

a 

3 

q 

Xi 

< 

c 
o 

E 

82 

Oj   O   0) 
3  §■« 

•sso 

03 

J3 

P. 

3 

•f3 

s 
•s 

.2 

TJ  O 

o 

.n 
O 

1 

5-17-18-11 

25 

195 

193.5 

190 

29.26 

0.42 

0.32 

0.16 

383.7 

519 

515 

135.3 

184 

576 

903     602 

2 

5-18-19-11 

24 

192'  190.2 

188 

29.17 

0.050. IG 

0  06 

81 

382. 8j  498 

497 

115.2 

180 

480 

851     479 

3 

5-20-21-11 

24 

198   196.1 

192 

29.23 

0.510  39 

0.21 

80 

384.5  515 

516 

130.5 

184 

542 

992     565 

4 

5-21-22-11 

30 

201 '  199.0 

192 

29.39 

0.55  0  22 

0.02 

81 

384.6  521 

520 

136.4 

181 

670 

1064     709 

5 

5-21-2.5-11 

24 

199    .... 

187 

29  45 

0.160.24 

0.10 

73 

382. 5j  490 

491 

107.5 

183 

483 

847     501 

6 

5-25-26-11.24 

200   197.8 

191 

29.37 

0.570.26 

0.16 

79 

384.2  521 

515 

136.8 

185 

662 

1085     668 

16 

6-18-19-1132 

193   191.4 

188 

29.37 

0.1-0.23 

0.12 

79 

382.9  485 

482 

102.1 

177 

460 

678     467 

17 

6-  20-1116.5 

207'  205.5 

194 

29.39 

0.950.34 

0.06 

79 

385.4;  518 

521 

132.6 

179 

636 

927     622 

18 

6-20-21-1124 

207  205.2 

194 

29.48 

1.110.33 

0.05 

73 

385.41  543 

540 

157.6 

178 

694 

1029     709 

2-4 1 

5-18-22-1190 

199   195.7 

191 

29.27 

0.380.28 

0.06 

81 

384.1   515 

514 

130.9 

182 

572 

5-6t 

5-24-26-1155 

209,  195.9 

189 

29.40 

0.380  25 

0.05 

76 

383. 3j  509 

503 

125.7 

183 

575 

t  Includes  periods  between  tests. 
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TABLE  10    RONEY  STOKER.    TEST  DATA  AND  RESULTS 


a 

^ 

& 

Steam  used  by 
Stoker  Enqines. 

Steam  Used  by 

1       3? 

Q 

T,B 

.   PER   Hr 

Jets, 

Lb.  PER  Hr 

< 

W 

.     '  c 

j; 

a 

t-t 

•3 

%i 

w 

w 

w 

-a 

L          1 

i. 

f^« 

a 

a 

f^ 

<u 

CD 

0) 

«•      i  -^s 

ft 

^^ 

d 

1 
O 

o 

Q. 

J3 

1 

ft 

b 

p 

m 

< 

S 
■  1 

•0 
a> 

3 

few 

M 

-a 

i 

3 

h 

few 

H 

P5 

fe 

^ 

Q 

u 

^ 

a; 

M 

«         !  fe 

W 

fU 

1 

60.3 
64.8 
66.7 

74208 
57036 
80318 

7615 
5714 
8271 

7463   16.73 
5609   12. 5S 
8130'  18  23 

586 
483 
764 

446 
366 
602 

5.98 
6  52 
7.40 

123 
112 
141 

114     0.15 
105     0.18 
131     0.16 

1 

2 

! 

3 

400 

373 

0.47 

4 

64.5 

107056 

11794 

11582'  25.97 

982 

757 

6.54 

173 

161  i  0  15 

1650 

1.534 

1.43 

5 

62.4 

67099 

6727 

6606:  14  81 

607 

455 

6.89 

136 

128     0. 19 

1110 

1045 

1.56 

6 

66.5 

106196 

11551 

11295   25.32 

903 

692 

6.13 

127 

118  '  0.11 

1530 

1420 

1.34 

16 

51.6 

70148 

6845 

6665   14.92 

736 

62.) 

9.30 

136 

128     0.18  1 

860 

813 

1.16 

17 

54.4 

135676 

14107 

13761   30.85 

1325 

1134 

8.24 

220 

205     0.15 

1800 

1675 

1  24 

18 

55.2 

135770 

15319 

14987i  33.60 

1750 

1470 

9.81 

195 

179 

0.13  1 

1760 

1614 

1.19 

2-4 

66.0 

84401 

8991 

8834   19.81 

781 

602 

6.81 

133 

124 

0.15 

5-6 

63.9 

90039 

9653 

9459  21.21 

841 

647 

6.84 

132 

123 

0.14 

TABLE  11    RONEY  STOKER.    COMPUTED  RESULTS 


a 

&&5^ 

h^x> 

fc2  CT-^ 

T3        ■ 
O 

> 
Q 

1 
o 
ft 

<u 

1 

■  mu~    1 

&ti 

i 

1 
ft 

t 
H 

CM 

o 

u 

s 

g.omc-1  ft 

ftc3    «H 

li|e 

GNOQ  g 
ana  ft  >;< 

—  P^^  3 

cs-i:   .  ocB 

>     .  M      "-' 

—  1-  a)  .J  tx 

«E  a 

H  03 
ID'5 

c  o 
o  o  C 

H 

Ii. 

H 

W 

« 

W 

CU 

O 

1 

1.1582 

85948 

11.52 

3.63 

2491 

105.0 

77.84 

2 

1.1514 

65671 

11.71 

2.78 

1903 

80.0 

79.88 

3 

1.1559 

928t0 

11.42 

3.92 

2691 

113.8 

77.45 

4 

1.1621 

124410 

10.74 

5.26 

3606 

152.4 

75.78 

5 

1.1441 

76768 

11.62 

3.24 

2225 

94.0 

81.15 

6 

1.1581 

122984 

10.89 

5.20 

3565 

150.7 

75.28 

16 

1.1476 

80502 

12.08 

3.40 

2333 

98.6 

80  98 

17 

M6:!5 

157722 

11  46 

6.67 

4572 

193  3 

76.73 

18 

1.1766 

159747 

10.66 

6.75 

4630 

195.7 

75.57 

2-4 

1.1581 

97745 

11.06 

4  13 

2833 

119.8 

76.13 

5-6 

1  1540 

103905 

10.98 

4.39 

30:2 

127.3 

76.23 
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TABLE  12    TAYLOR  STOKER.    TEST  DATA 


9 

10.1 
10 
11/1 
11 

12A 
125 
12 
13 
14 
15 
7-9t 


6-  2-  3-1124 
6-  3-  4-11  24 
6-  5-  7-11:50 
6-  8-  9-1124 
6-  7-  9-11 '48 
6  -  10-1112 
6-  9-11-1126.5 
6-12-13-1124 
6-13-14-1124 
'6-12-14-ll'48 
6-14-15-1111.5 
I6-15-16-11J24 
'6-16-17-11,24 
16-  2-  7-11109 


10-1 It 6-  7-11-11 i 


Steam  Pres- 
sure    BY 
Gage,  Lb. 
PER  Sq.  In. 


205]  202.6 
200  197.0; 
206|  202.7! 
197;  195.0 
195|  193.8 
210  206.5 
210  207.5 

196  194.7 

198  196.1 
197|  195.2 

197  195.3 
206|  203.0 

199  197.3 
203!  200.6 

200  198.6 


.0 
gpa 

go 

^  2- 

29.45 

Ave  rage 
Dr.'^.ft,  In. 
OP  Water 


29.460 

29.31I1 

29.500 

29.500 

29.252 

29.25j2 

29.04;0 

29.2L0 

29.13|0 

29.25'2 

29.3011 

29.281 

29.30 

29.66 


300.580. 

76;0.200. 
73|o.530. 
650.200. 
670.200. 
54  0.83  0. 
53  0.840. 
800.240. 
,960.270. 
88  0.26,0. 
.540.85.. 
,56j0.84^0, 
610.57 
...0.45 
...0.44 


Temperature  Deg.  Fahr. 


I  o  3 

iaog 


03  73 
1170 
0669 
15  73 
1571 
03  90 
0283 
08  64 
02  70 
0567, 
..63 
2070 
..69 
..170 
..'75, 


384.9 
384.6, 
384. 6| 
384.2! 
383.7] 
382.8 
383.7, 
383.2] 
383.7' 
383.2 
378.6 
383.2, 
382.8 
384.6] 
383.8: 


540  535 

513  505 

541]  538 

517|  513 

518  515 

549  546 

549  544 

516  516 

523  523 

520  519 

545  538 

551i  544 

528'  524 

532|  523 

528  525 


155.1 
128.4 
156.4] 
132.8 
134. 3I 
166. 2' 
165.3; 
132.8; 
139.3 
136.81 
166.4 
167.8 
145.2 
147.4 
144.2 


eg- 

a 

S 

a 

m 

W 

Wl 

n 

0 

> 

C3 

°3 

^S5 

h3 

T3  0 

Qi 

f,m 

^ 

^ 

0 

187 

575 

181 

493 

184 

18S 

574 
48Q 

O  3 


a 


934 

732 


959  I  539 
748  I  466 


549 
465 


187]  487 

186  668 

188'  651 

177|  514! 

182  555 

179]  535 

178  641 

177|  647 

176  561 


756  j  460 

1045  I  626 

1027  ;  611 

789  i  470 

844  i  500 

816  I  484 

987  '  584 

994  ]  598 

976  ;  510 


545; 

542 


t  Includes  periods  between  tests. 


TABLE  13    TAYLOR  STOKER.    TEST  DATA  AND  RESULTS 


Relative  Humidity  of 
Atmosphere,  Per  Cent 

a 
1 

W 

K 

1 
0 

Dry  Coal,  Lb.  per  Hr. 

Dry  Coal,  Lb.  per  Hr. 
per  Sq.  Ft.  of  Grate 

ft 

Ash  (Dry),  Lb.  per  Hr. 

i 

Per  Cent  Ash  Based 
on  Dry  Coal 

Steam  Used  by  Stoker 
Engines  and     Tur- 
bines Driving  Fans, 
Lb.  per  Hr. 

6 

Saturated 
Steam 

Equivalent 
in  Super- 
heated 
Steam 

Per  Cent  of 
Total 
Steam 

7 

71.3 

105856 

11310 

11094 

27.39 

1002 

780 

7.03 

2997 

2766 

2.61 

8 

78.6 

76052 

7770 

7622 

18.82 

954 

483 

6.34 

1987 

1854 

2.44 

9 

75.8 

113668 

12094 

11838 

29.23 

1257 

799 

6.75 

3528 

3254 

2  87 

IDA 

69.0 

66618 

6866 

6736 

16.63 

826 

663 

9.84 

1888 

1760 

2.64 

10 

71.7 

65663 

6796 

6656 

16.43 

824 

659 

9.90 

1855 

1727 

2.63 

llA 

52  0 

149627 

16212 

15904 

39.27 

2051 

1668 

10.48 

5970 

5482 

3.66 

11 

60.9 

147435 

16000 

15696 

38.76 

1843 

1499 

9.55 

5481 

5030 

3.41 

12A 

72.3 

82060 

8507 

8339 

20.59 

827 

645 

7.73 

2222 

2071 

2.52 

128 

61.0 

88098 

9143 

8968 

22.14 

899 

757 

8.45 

2483 

2309 

2.63 

13 

66.  f, 

85079 

8825 

8653 

21.37 

863 

700 

8.09 

2352 

2189 

3.57 

13 

65  0 

140671 

15239 

14946 

36.91 

1445 

1212 

S.ll 

5044 

4633 

3.29 

14 

67.2 

128105 

13730 

13469 

33.25 

1367 

1173 

8.71 

4120 

3782 

2.95 

15 

70.6 

85762 

9362 

9158 

22.61 

972 

764 

8.34 

2565 

2378 

2.77 

7-9 

75.0 

98073 

10421 

10209 

25.21 

1099 

737 

7.22 

2848 

2634 

2.68 

10-11 

67.4 

93522 

■   10075 

9868 

24.36 

1175 

945 

9.58 

3068 

2844 

3.04 

D.    S.    JACOBUS 
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TABLE 

:i4    TAYLOR  STOKER.    COMPUTED  RESULTS 

d 

12; 

actor  of  Evaporation 

quivalent  Water 
Evaporated     into 
Dry     Steam     from 
and    at    212     Deg. 
Fahr.,  Lb.  per  Hr. 

quivalent  Evapora- 
tion from  and  at  212 
Deg.  Fahr.  per  Lb. 
of  Dry  Coai 

quivalent  Water 
per  Hr.  from  and  at 
212  Deg.  Fahr.  per 
Sq.    Ft.    of    Boiler 
Heating  Surface 

orsepower  Developed 

ST  cent  of  Rated  h.p.  j 
Devr-loped  on  Basis  ] 
of     10    Sq.    Ft.   of 
Boiler  Heating  Sur- 
face per  h.p.               ! 

smblned   EfKclency 
of  Boiler  and  Fur- 
nace 

i 

H 

(in 

«                 1 

H 

« 

W 

Ph 

O 

7 

1.1658 

123407 

11.12 

5.22 

3577 

151.2 

77.07 

8 

1.1579 

88061      1 

11.55 

3.72 

2553 

107.9 

80.28 

9 

1.1695 

132935 

11.23 

5.62 

3853 

162.8 

77.85 

lOA 

1.1529 

76804 

11.40 

3.25 

2226 

94.4 

77.63 

10 

1.1545 

75808 

11.39 

3.22 

2197 

92.9 

77.90 

11.4 

1.1719 

175348      1 

11.03 

7.41 

5083 

214.8 

76.18 

11 

1.1697 

172456 

10.99 

7.29 

4999 

211.3 

75.84 

12A 

1.1639 

95510 

11.45 

4.04 

2768 

117.0 

79.21 

12B 

1.1624 

102405 

11.42 

4.33 

2968 

125.5 

79.19 

12 

1.1640 

99032 

11.44 

4.18 

2870 

121.3 

79.24 

13 

1.1790 

165851 

11.09 

7  01 

4807 

203.2 

76.56 

14 

1 . 1822 

151447 

11.24 

6.40 

4390 

185.5 

76.42 

15 

1.1713 

100453 

10.97 

4.23 

2912 

123.1 

74.90 

7-9 

1,1648 

114235 

11.19 

4.83 

3312 

140.0 

77.66 

10-11 

1.1598 

108467 

10.99 

4.58 

3143 

132.8 

75.68 

TABLE  15    RONEY  STOIvER.    HEAT  BALANCE,  PERCENTAGES  OF 

TOTAL  HEAT  IN  COAL 

Flub  Gas  Analyses  and  Temperature  Taken  in  Breeching 


No. 

of 

Test 

Absorbed 

by 

Boiler 

Moisture 
in  Coal 

Hydrogen 
in  Coal 

Heat  to  Chimney 

Carbon 
Monoxide 

Carbon 
In  Ash 

Radia- 

Heat to 
Chimney 

Moisture 
in  Air 

Total 

tion,  etc. 

1 

77.84 

0.18 

4.55 

13.56 

0.37 

13.93 

0.23 

1.20 

2.07 

2 

79.88 

0.16 

4.36 

9.15 

0.26 

9.41 

0.42 

1.20 

4.57 

3 

77.45 

0.15 

4.48 

11.39 

0.32 

11.71 

0.74 

1.85 

3.62 

4 

75.78 

0.17 

4.49 

12.79 

0.36 

13.15 

1.95 

2.13 

2.33 

5 

81.15 

0.16 

4.29 

9.11 

0.20 

9.31 

1.29 

2.29 

1.51 

6 

75.28 

0.21 

4.74 

13.17 

0  36 

13.53 

1.16 

1.71 

3.37 

16 

80.98 

0.22 

4.18 

8.94 

0.19 

0.13 

0.27 

3.20 

2.02 

17 

76.73 

0.22 

4.47 

12.47 

0.28 

12.75 

0.74 

2.05 

3.04 

18 

75.57 

0.21 

4.64 

14.34 

0.27 

14.61 

0.62 

2.42 
Average 

1.93 

2.72 

Flue  Gas  Analyses  and  Temperatures  Taken  Below  Dampers 


1 

77.84 

0.18 

4.59 

13.83 

0.38 

14.21 

0.0 

1.20 

2.00 

2 

79.88 

0.16 

4.36 

9.03 

0.27 

9.30 

0.27 

1.20 

4.83 

3 

77.45 

0.15 

4.58 

12.84 

0.37 

13.21 

0.09 

1.85 

2.67 

4* 

t-- 

5 

81.15 

0.16 

4.32 

9.43 

0.21 

9.64 

0.73 

2.29 

1.71 

6 

75.28 

0.21 

4  75 

13.77 

0.36 

14.13 

0.58 

1.71 

3.34 

16 

80.98 

0.22 

4.20 

8.97 

0.19 

9.16 

0.0  J 

3.20 

2.24 

17 

76.73 

0.22 

4.45 

12.67 

0.29 

12.96 

0.97 

2.05 

2.62 

18t 

Average 

2.77 

•  Pyrometer  out  of  order  and  taken  out  to  be  examined. 

t  Leakage  of  air  into  collecting  device  of  gas  analyses  apparatus. 
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TABLE  16    TAYLOR  STOKER.    HEAT  BALANCE,   PERCENTAGE  OF 
TOTAL  HEAT  IN  COAL 


Flub  Gas  Analyses  and  Temperature  Taken  in  Breeching 

No. 

of 
Test 

Absorbed 

by 

Boiler 

Moisture  Hydrogen 

Heat  to  Chimney 

Carbon 
Monoxide 

Carbon 
In  Ash 

Radla^ 

in  Coal 

In  Coal 

Heat  to 
Chimney 

Moisture 
In  Air 

Total 

tion,  etc. 

7 

77.07 

0.18 

4.58 

11.54 

0.28 

11.82 

1.61 

2  31 

2.43 

8 

80.28 

0.17 

4.28 

10.12 

0.24 

10.36 

0.40 

1.80 

2.71 

9 

77.85 

0.20 

4.31 

11.21 

0.25 

11.46 

0.44 

2.20 

3.54 

10 

77.90 

0.18 

4.34 

11.35 

0.26 

11.61 

0.27 

2.77 

2.93 

11 

75.84 

0.18 

4.47 

11.91 

0.35 

12.26 

0.59 

3.58 

3.08 

12 

79.24 

0.18 

4.46 

11.05 

0.21 

11.26 

0.16 

2.32 

2.38 

14 

76.42 

0.18 

4.51 

13.15 

0.27 

13.42 

0.31 

2.57 
Average 

2.59 
2.81 

Flue  Gas  Analyses  and  Temperatures  Taken  Below  Dampers 


7 

77.07 

0.18 

4.52 

12.76 

0.30 

13.06 

0.0 

2.31 

2.86 

8 

80.28 

0.17 

4.23 

10.20 

0.25 

10.45 

0.04 

1.80 

3.03 

9 

77.85 

0.20 

4.28 

11.33 

0.23 

11.63 

0.08 

2.20 

3.76 

10 

77.90 

0.18 

4.30 

10.64 

0.24 

10.88 

0.0 

2.77 

3.97 

11 

75.84 

0.18 

4.40 

11.60 

0.34 

11.94 

0.77 

3.58 

3.29 

12 

79.24 

0.18 

4.37 

10.22 

0.19 

10.41 

0.0 

2.32 

3.48 

14 

76.42 

0.18 

4.43 

13.19 

0.27 

13.46 

0.25 

2.57 
Average 

2.69 
3.29 

DIE  CASTINGS 

By  Amasa  Troavbridge 

ABSTRACT  OF  PAPER 

A  brief  summarj'  is  given  of  the  state  of  the  art  of  making  small  castings  in 
steel  molds.  The  principles  are  outlined  of  this  process  of  casting  and  of  hand 
and  automatic  casting  machines.  The  composition  and  characteristics  are 
given  of  the  metals  best  adapted  for  use  with  reference  to  the  effect  of  temper- 
ature and  shrinkage  together  with  examples  of  comparative  cost. 
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Bt  Amasa  Trowbridge,  Hartford,  Conn. 
Member  of  the  Society 

The  art  of  die  casting,  that  is,  the  making  of  castings  in  steel  molds 
to  finished  size  and  shape,  was  first  introduced  in  connection  with  the 
manufacture  of  type.  The  first  attempt  at  type  founding  was  made 
in  France,  followed  shortly  by  manufacturers  in  other  countries. 
The  first  successful  attempt  in  the  United  States  was  about  1735. 
As  soon  as  it  was  established  that  finished  type  could  be  cast  in  steel 
molds,  inventors  naturally  turned  their  attention  to  machines  for 
doing  the  work.  Such  machines  were  attempted  early  in  the  19th 
century  and  by  the  close  of  that  century  the  perfected  linotype  and 
monotype  machines,  which  are  fine  examples  of  die-casting  machines, 
had  been  evolved.  Machines  for  casting  individual  pieces  of  type 
are  also  still  in  use  and  the  most  recent  ones  will  cast  about  125  to 
150  pieces  per  minute.  This  gives  some  idea  of  the  speed  with  which 
such  castings  can  be  made. 

2  When  the  casting  of  type  was  perfected,  it  saved  so  much 
time  that  its  usefulness  for  making  other  pieces  which  were  wanted 
in  large  quantities  was  at  once  evident.  Accordingly  many  men 
have  made  efforts  to  perfect  a  machine  or  process  by  which  they 
could  turn  out  finished  castings  correct  as  to  size  and  shape.  Since 
type  was  first  successfully  cast  it  is  natural  that  the  same  methods 
should  be  used  for  making  other  castings.  So  far  no  material  superior 
to  steel,  the  material  used  for  type  molds,  has  been  found  for  making 
the  matrices,  or  dies,  as  they  are  called.  Brass  can  be  and  is  used 
where  the  casting  is  very  intermittent  as  in  a  linotype  machine,  but 
for  continuous  work  and  where  accuracy  and  truth  are  required,  steel 
is  necessary. 

3  The  next  consideration  after  the  material  for  the  dies  is  that 
for  the  castings.     Table  1  gives  a  few  facts  concerning  the  materials 
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that  are  of  interest  in  connection  with  this  subject,  whether  for  making 
dies  or  castings. 

4  There  are  only  a  few  common  metals  with  a  melting  point  suffi- 
ciently low  to  be  cast  in  steel  dies,  because  these  do  not  have  to  be 
brought  to  their  melting  point  to  be  spoiled.  If  improperly  treated 
in  making,  the  dies  are  very  susceptible  to  injury  in  use.  Fine 
cracks  are  sometimes  made  in  hardening  the  dies,  causing  them  to 
break  when  subjected  to  the  constant  change  of  temperature  which 
occurs  in  their  use.  Thin  places  in  dies  are  more  apt  to  get  burned 
than  heavy  parts.  For  most  work  hardened  dies  are  superior  to 
soft,  but  their  cost  is  very  much  greater. 


TABLE  1    DATA  OF  MATERIALS  USED  FOR  DIES  AND  CASTINGS 


Material 

Melting  Point 

Strength.  Lb.  per 
Sq.In. 

Modulus  of 

Deg.  Cent.   Deg.  Fahr. 

Tensile 

Com- 
pressive 

Elasticity 

Al 
Sh 
Bl 
Cd 
Cu 
Pb 
Mg 
Sn 
Zn 
Fe 
Nl 

657           ■   1914 

15000 

6400 

30000 
2000 

4000 

5500 

52000 

65000 

12000 
85000 

iioonooo 

630 

266 

322 

1072 

326 

633 

230 

415 

1505 

1451 

1427 

1166 

511 

612 

1951 

618 

1171 

446 

779 

2742 

2644 

2600 

Tin 

Zinc  

28000000 

Nickel 

Steel 

33000000 

5  In  general,  the  method  of  making  a  casting  is  as  follows:  A 
suitable  die  or  mold  is  made  in  steel.  This  must  be  so  arranged  that 
when  opened,  the  casting  will  either  drop  out  or  be  easily  ejected. 
The  die  should  have  the  fewest  possible  partings.  This  is  important 
because  it  is  easier  to  hold  the  casting  to  correct  size  when  the  die  is 
in  a  few  pieces  than  when  it  is  in  many.  Also,  the  fewer  the  partings, 
the  fewer  the  fins  that  will  be  made  on  the  castings.  Fig.  1  shows  a 
complicated  casting. 

6  Whenever  cores  are  necessary,  suitable  means  must  be  provided 
for  withdrawing  these  without  deforming  the  casting.  The  die 
must  close  properly,  that  is  in  correct  alignment,  and  be  held  firmly 
because  the  pressure  of  the  fluid  metal  has  to  be  overcome.  The  die 
being  held  closed  in  the  machine,  metal  is  forced  into  the  die,  pressure 
being  provided  by  a  pump  which  acts  directly  on  the  metal,  by  air 
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pressure  on  top  of  the  molten  metal  or  by  a  head  of  molten  metal. 
The  metal  is  allowed  only  to  set.  The  mold  is  then  opened  and  the 
casting  removed,  the  casting  being  left  in  the  mold  only  as  long  as  is 
absolutely  necessary.  If  the  die  is  too  hot,  it  is  then  cooled  and  the 
operation  repeated.  The  temperature  of  the  die  is  imi^ortant,  and 
should  be  held  constant  because  the  expansion  of  the  die  will  change 
the  size  of  the  casting.  This  operation  is  generally  carried  on  in 
so-called  hand-casting  machines,  that  is,  machines  operated  by 
manual  labor. 

7     Automatic  machines  are  in  use  and  have  great  advantages  in 
producing  uniform  castings  because  the  conditions  do  not  vary.     The 


Fig.  1     A  Complicated  Casting 


automatic  machine  is  run  at  a  constant  speed  and  is  not  subject 
to  varying  conditions  due  to  the  operator  becoming  tired.  Hand- 
casting  machines  produce  quantities  of  500  per  day,  more  or  less, 
depending  on  the  size  and  complexity  of  the  piece.  Automatic 
machines  produce  the  castings  much  more  rapidly  and  save  on  labor 
just  as  does  any  other  type  of  machinery. 

8  While  the  writer  has  been  able  to  find  only  one  maker  of  casting 
machines  who  is  willing  to  publish  a  description  of  them,  a  few  illus- 
trations are  given  to  indicate  the  form  of  machine  that  is  used,  and  it 
might  be  well  to  say  that  these  actually  show  only  the  principles 
involved  in  each  machine  rather  than  the  perfected  mechanism. 

9  Fig.  2  shows  a  machine  in  which  the  metal  is  pumped  into  the 
mold  by  hand.  A  is  the  hot,  molten  metal;  C  the  charging  chute; 
H  a  valve  to  close  this;  E  the  pump  cyhnder;  F  the  plunger;  G 
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Fig.  2    Molding  Machine  with  Mold  Lying  Flat  on  Top 


Fig.  3    Automatic  Molding  Machine 
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the  pump  lever;  J  the  nozzle  through  which  metal  is  forced  into  the 
mold  M;  K  a.  valve  for  emptying  the  metal  pot  B.  The  gas  for  heat 
is  supplied  through  pipe  L,  and  the  Avaste  gases  escape  at  T. 

10  Fig.  3  shows  an  automatic  machine.  A  is  the  molten  metal; 
B  the  gas  pipe;  D  the  pump  plunger;  E  the  pump  cylinder;  F  a  valve 
to  close  the  passage  between  the  pump  chamber  and  the  metal  pot, 
while  metal  is  forced  through  the  nozzle  into  the  die  or  mold  G, 
which  is  brought  up  tightly  against  the  nozzle  while  the  metal  is 
forced  in.  The  left  end  of  F  closes  the  nozzle,  while  metal  is  drawn 
into  the  pump  chamber  by  the  raising  of  the  plunger  D. 


Fig.  4    Machine  using  Air  Pressure  to  Fill  Mold 


11  Fig.  4  shows  a  hand  machine  in  which  air  pressure  is  used  to 
force  the  metal  into  the  mold.  Air  enters  at  A  and  is  controlled  by 
the  valve  B.  It  comes  do\ATi  through  the  vertical  pipe  C  and  exerts 
a  pressure  on  the  loose  piston  D.  This  piston  is  hollow  and  floats  on 
the  metal  contained  in  the  pump  chamber  E.  Metal  is  admitted  to 
this  chamber  E  from  the  main  metal  pot  F  through  the  valve  G.  The 
metal  is  forced  by  the  pressure  of  the  piston  D  out  of  the  nozzle  H 
into  the  mold  /.  The  use  of  the  piston  D  prevents  oxidization  of  the 
metal  from  contact  with  the  air  which  is  admitted  to  force  the  metal 
into  the  mold.  This  air  pressure  is  released  before  the  valve  G  is 
opened  so  that  metal  can  flow  by  gravity  into  the  pump  chamber. 
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The  metal  which  is  forced  directly  into  the  mold  is  taken  from  below 
the  top  surface  of  the  molten  metal  and  this  precludes  the  oxidized 
skin  on  top  of  the  metal  from  being  forced  into  the  dies.  Any^of 
this  oxidized  metal  would  make  bad  castings  so  that  this  point  is 
important.  The  entire  pump  chamber  in  this  arrangement  is  sub- 
merged in  molten  metal  so  that  it  is  kept  hot.  The  nozzle*  is  so 
situated  that  it  is  probable  extra  means  would  have  to  be  used  to  keep 
it  heated  and  prevent  the  metal  from  freezing  at  this  point.  Undoubt- 
edly in  the  practical  working  out  of  the  machine  this  point  was  cared 
for. 

12     The  feature  about  die  castings  which  most  appeals  to  the  man- 
ufacturer is  their  accuracy.     So  long  as  the  dies  are  in  good  condition, 


Fig.  5    Veeder  Cyclometer  with  Section  View 


the  castings  should  be  perfectly  true,  both  in  size  and  shape.  This 
does  away  with  the  necessity  of  gaging  and  makes  it  possible  to  use 
them  without  their  having  to  be  fitted  into  place  by  any  hand  work. 
A  careful  inspection  is  necessary,  and  this  should  be  done  as  soon  as 
possible  after  the  castings  are  made  so  as  to  detect  any  flaws  due  to  a 
slight  failure  of  the  dies.  Any  fins  or  burs  formed  by  the  necessary 
joints  in  the  dies  can  be  removed  at  the  same  time  that  the  castings 
are  inspected.  Usually  these  fins  are  not  thick  and  can  be  taken  off 
thoroughly  and  quickly  with  a  light  hand  tool. 

13  A  difficulty  due  to  shrinkage  is  sometimes  encountered  when 
these  castings  are  to  be  used  in  connection  with  parts  made  by  some 
other  process.  While  the  shrinkage  will  be  the  same  in  two  castings 
made  in  the  same  die  if  the  metal  is  properly  handled,  it  does  not 


AMASA    TROWBRIDGE 


1473 


always  follow  that  it  is  proportionately  the  same  when  they  are  made 
from  different  molds.  It  is  affected  to  a  marked  degree  by  the  form 
of  the  casting,  and  if  the  castings  are  to  be  used  in  connection  with 
machined  pieces,  it  is  advisable  that  these  be  machined  to  fit  the  cast- 
ing. When  it  is  not  possible  to  do  this  and  the  casting  must  be 
fitted  to  existing  pieces,  sample  castings  should  be  made,  and  if  these 
are  not  correct,  the  dies  can  be  altered  to  make  castings  that  are  correct. 
In  doing  this,  sufficient  material  must  be  allowed  for  grinding  away, 
the  casting  being  at  first  too  small,  although  this  makes  a  great  deal 
of  extra  work. 

14  The  greatest  gain  obtains  when  an  entire  machine  can  be  made 
of  such  castings.  One  of  the  best  examples  of  this  is  the  Veeder 
cjxlometer  so  universally  used  on  bicycles.  This  instrument  is  com- 
posed of  about  a  dozen  die  castings  and  nearly  as  many  parts  of  other 
materials.     The  number  rings  have  0.001  in.  play,  and  yet  these  cast- 


FiG.  6    Head  for  Desk  Telephone 


Fig.  7    A  Lug 
Matching  Fig. 


ings  are  made  in  enormous  lots  and,  without  being  gaged,  are  assem- 
bled into  the  die-cast  cases  where  they  fit  and  work  properly.  So 
exact  are  these  castings  that  when  new,  the  instruments  work  more 
easily  without  lubrication  than  with  it.  This  would  obviously  be 
possible  only  where  the  clearances  are  extremely  small.  A  small 
dimension  on  these  castings  can  be  maintained  to  0.0001  in.  This 
instrument  is  illustrated  in  Fig.  5,  the  section  view  showing  the  rings 
both  in  their  relation  to  the  hub  on  which  they  turn  and  in  contact 
with  the  transfer  pinions.  These  latter  turn  on  a  German  silver 
shaft  0.04  in.  in  diameter.  The  hub  which  forms  the  bearing  for  the 
number  rings  is  so  large  in  proportion  to  the  width  of  these  that  they 
would  tip  and  cramp  if  much  end  play  were  allowed.  This  makes 
it  necessary  to  hold  the  dimensions  on  the  rings  correct  within  less 
than  one-half  of  0.001  in.  In  Figs.  6  and  7  are  shown  the  head  for  a 
desk  telephone,  with  a  lug  matching  it. 
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15  The  quality  of  these  castings  depends  on  both  the  alloy  used 
and  the  method  of  making  them.  The  alloys  in  most  common  use 
are  those  having  a  zinc  base.  This  metal  is  useful  in  certain  alloys, 
particularly  with  copper,  but  if  alloyed  with  aluminum  is  unsuit- 
able for  most  purposes.  Aluminum-zinc  alloys  are  frequently  used 
because  aluminum  makes  the  alloy  lighter  in  weight  and  in  color. 
Some  time  after  manufacture,  castings  of  this  alloy  begin  to  disinte- 
grate and  will  actually  fall  to  pieces.  In  the  disintegrating  process 
they  also  change  shape  badly  so  that  they  should  never,  under  any 
circumstances,  be  used  for  pieces  which  are  wanted  to  stay  flat  or 
true.  This  alloy  also  tarnishes  rapidly.  Most  of  the  alloys  of  zinc 
are  too  brittle  to  be  of  much  use  for  the  making  of  die  castings.  The 
usual  effect  of  casting  in  metal  molds  is  to  make  harder  castings  than 
would  be  made  from  the  same  metal  in  sand  molds.  For  this  reason 
a  fairly  ductile  metal  should  be  used. 

16  The  alloys  of  tin  are  being  used  quite  extensively  for  die  cast- 
ings. These  alloys  possess  the  two  desirable  qualities  of  being  quite 
ductile  and  of  melting  at  a  low  temperature.  Genuine  babbitt  metal, 
as  it  is  commonly  called,  is  an  alloy  consisting,  according  to  the  best 
authorities,  of  about  89  per  cent  tin,  7.3  per  cent  antimony  and  3.7 
per  cent  copper.  This  is  a  remarkably  fine  bearing  metal  and  is 
possessed  of  sufficient  strength  to  make  it  useful  for  many  small  parts. 
By  certain  changes  in  the  alloy  a  composition  even  better  for  ordinary 
die-casting  use  can  be  produced. 

17  The  alloys  of  lead  are  used  to  a  limited  extent  but,  except  for 
type,  this  metal  is  more  often  used  in  small  proportions  than  as  the 
foundation  of  the  alloy.  It  is  too  heavy  and  lacks  sufficient  strength 
to  make  a  very  desirable  metal.  The  percentage  of  lead  in  an  alloy 
is  sometimes  increased  for  the  sake  of  lowering  the  melting  point  and 
the  price  per  pound. 

'f^  18  Antimony  is  a  common  constituent  of  all  die-cast  alloys. 
The  addition  of  this  metal  in  the  proper  proportions,  makes  the  alloy 
hard  enough  to  machine  well  and  increases  the  fluidity  of  the  metal 
in  its  molten  state.  This  makes  it  possible  to  obtain  sharp  castings 
such  as  are  made  from  type  metal,  which  is  an  alloy  consisting  of 
lead,  87§  per  cent,  and  antimony,  12^  per  cent. 
^  19  In  making  an  alloy  of  any  two  metals,  when  they  are  in  cor- 
rect proportions,  there  is  formed  an  eutectic,  the  melting  point  of 
which  is  lower  than  that  of  either  of  the  constituent  metals.  In  some 
cases  by  the  addition  of  a  third  metal,  the  melting  point  may  be  still 
further  lowered. 
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20  The  strength  of  die  castings  is  of  course  largely  dependent 
on  the  alloy,  and  also  on  the  method  of  casting.  Unless  proper  pre- 
cautions are  taken  to  insure  sound  castings,  much  trouble  will  be 
encountered  from  blow  holes.  To  prevent  these  is  often  very  diffi- 
cult and  sometimes  impossible.  They  are  caused  both  by  the  form 
of  casting  and  by  the  tendency  of  the  molten  metal  to  hold  minute 
bubbles  of  air  or  other  gases  which  are  carried  into  the  mold  and  do 


Fig.  8    Set  of  Number 
Wheels  and  Pinions 


Fig.  9    Internal  Gear 


Fig.  10    External  Gear 


not  escape  before  the  casting  sets.  This  is  a  case  exactly  parallel 
to  that  found  in  making  iron  castings.  The  shrinkage  of  the  ordinary 
die  casting  is  not  as  great  as  that  of  cast  iron,  and  some  of  the  tin 
alloys  particularly  shrink  scarcely  at  all. 

21  Another  similarity  to  iron  molding  is  found  in  the  fact  that  the 
outside  skin  of  the  die  casting  is  ordinarily  stronger  and  harder  than 
its  interior.  The  hard  outside  skin  is  always  desirable  on  a  die 
casting,  because  the  piece  being  cast  to  its  finished  size  and  no  cutting 
being  required,  it  is  this  outside  skin  which  is  first  subjected  to  wear. 
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22  Exact  figures  on  the  strength  of  die  castings  might  be  quite 
misleading  unless  the  exact  composition  and  treatment  of  the  castings 
were  noted,  so  that  general  figures  only  can  be  given.  They  compare 
very  favorably  with  cast  iron  in  tensile  strength,  but  are  not  nearly 
so  strong  in  compression  as  that  material.  Their  compressive 
strength  is  usually  but  little  greater  than  the  tensile,  although  it  is 
somewhat,  say  one-third,  greater.  As  the  material  is  not  as  brittle 
as  cast  iron,  it  can  be  subjected  to  shocks  which  the  iron  would  not 


Fig.  11     Soss  Die-Casting  Machine 


withstand.  Most  die  castings  are  much  more  ductile  than  cast 
iron.  The  greater  ductility  of  the  die  castings  is  an  advantage  for 
threaded  or  tapped  pieces.  The  castings  do  not  chip  out  when 
tapped  near  an  edge  and  a  fine  thread  may  be  used.  Some  of  the 
alloys  are  so  ductile  that  the  castings  may  be  spun  or  riveted.  This 
is  often  needed  or  is  convenient  for  fastening  two  castings  together 
or  fastening  a  casting  and  some  other  piece. 
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23  Very  little  idea  can  be  given  of  the  cost  of  parts  manufactured 
by  the  die-cast  method.  The  tools  or  dies  are  costly  or  otherwise, 
according  to  their  complexity  or  their  simplicity.  Practically  all 
the  die-casting  manufacturers  make  the  customer  who  ordered  the 
castings  pay  for  the  dies.  The  parts  are  then  charged  for  according 
to  the  time  needed  to  cast  them  and  the  amount  of  metal  used.  As 
only  the  metal  in  the  finished  casting  is  charged  for,  there  is  no  expense 
for  scrap.  The  time  for  casting  a  complicated  piece  is  little,  if  any, 
greater  than  for  a  simple  one.  From  this  it  follows  that  the  more 
complicated  the  casting,  or  the  more  difficult  it  would  be  to  machine, 
the  greater  will  be  the  saving  effected  by  the  use  of  die  castings.  The 
number  of  pieces  to  be  made  from  a  die  is  also  pertinent,  for  hundreds 
of  thousands  of  pieces  can  be  made  from  some  dies  with  no  injury 
whatever  to  them.  Other  dies  ma}'  need  frequent  repairs  due  to 
unavoidably  weak  points  in  their  construction.  Number  wheels 
having  internal  or  hooded  gear  teeth  are  good  examples  of  parts 
which  are  profitably  made  by  this  process. 

24  The  set  of  number  wheels  and  pinions  shown  in  Fig.  8  will 
serve  as  a  fair  example  for  the  comparison  of  costs  by  hand-casting 
machines  and  by  automatic  machines.  The  dies  for  this  set  of  wheels 
and  pinions  for  a  hand  machine  would  cost  m  the  neighborhood  of 
S450.  The  number-wheel  castings  would  cost,  in  lots  of  1000,  about 
10  cents  each,  and  in  lots  of  10,000,  about  8|  cents  each.  The  pinion 
castings  in  lots  of  1000  would  be  4  cents  each  and  in  lots  of  10,000 
would  be  3  cents  each.  The  cost  of  the  dies  for  an  automatic  machine 
for  the  same  wheels  and  pinions  would  be  about  $2000.  The  number- 
wheel  castings  in  lots  of  10,000  would  cost  about  2^  cents  each,  and 
in  lots  of  25,000  or  more  about  2  cents  each.  The  pinion  castings 
would  cost  about  1^  cents  in  10,000  lots  and  in  25,000  or  more  lots, 
about  1  cent  each. 

25  The  necessary  die  for  the  internal  and  external  gear  shown  in 
Figs.  9  and  10  would  cost  about  $100  for  a  hand-casting  machine,  and 
the  castings  about  13  cents  each  in  10,000  lots.  The  dies  for  the  same 
piece  to  be  used  in  an  automatic  machine  would  cost  about  $450,  and 
the  castings  would  cost  about  2  cents  each  in  10,000  lots,  plus  8  to  9 
cents  each  for  metal.  The  bevel  gear  illustrated  was  made  in  a 
hand-operated  machine  of  a  zinc  alloj^,  commonly  known  as  hard 
metal.  A  die  for  this  costs  about  $90,  and  the  casting  7|  cents  each 
in  1000  lots,  and  6|  cents  each  in  10,000  lots. 

26  Fig.  11  shows  the  Soss  die-casting  machine.  This  machine 
is  offered  for  sale  and  enables  a  manufacturer  to  make  his  owti  die 
castings  with  a  comparatively  inexpensive  equipment. 
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1911.    3  pp.,  2  figs.     bfA. 

Describes  2-cycle,  3600-h.p.  Diesel  type,  Oechelhauser  system,  oil  engine  for  6500-ton  cargo  vescel 
of  Hamburg-American  line.  Engine  known  as  junkers  oil  engine  and  consists  of  two  sets  of  vertical 
tandem  cylinders  acting  on  one  shaft. 

Marine  Oil  Engines,  Some  Scottish.  The  Engineer  (London),  September 
22,  1911.     2i  pp.,  5  figs.    fA. 

Describes  the  new  4-cycle  Beardmore  engine,  Kelvin  engine  and  Glenlfifer  engine. 

Moteurs  a.  P^trole.  Revue  de  Mecanique,  August  31,  1911.  24  pp.,  64  figs., 
31  curves. 

Review  of  letters  of  patent,  magazine  article.  Latest  patents,  design  and  detail  construction  of 
kerosene  motors.  Types:  Koertlng,  Day,  Lamplough,  Lepape,  Hewitt,  Roberts,  Hult,  Rumpler, 
Wolseley,  Darracq,  HavUand,  Buffalo,  Thornycroft,  Westlnghouse,  Daimler,  Gnome. 

Oil  Engine,  A  Reversible  300-H.p.,  4-Cylinder.  International  Marine 
Engineering,  August  1911.     1  p.,  1  fig. 

Describes  300-h.p.  Diesel  motor  built  by  Messrs.  Fried  Krupp  Ltd. 
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Producer  Gas  Plant  on  Barkentine  Archer,  A.  H.  Cox.  International 
Marine  Engineering,  June  1911.     2  pp.,  3  figs. 

General  description  of  gas  engine  and  producer  built  lor  Tacoma  &  Roche  Harbor  Lime  Co.,  Roche 
Harbor,  Wash. 

Pumping  Plant,  A  Gas  Engine.  Engineering  News,  July  6,  1911.  1  p.,  6 
figs. 

Describes  pumping  plant  for  water  supply  of  Haddonfield,  N.  J. 

Sargent  Combined  Gas  Engine  and  Air  Compressor.  Power,  October  10, 
1911.    2  pp..  3  figs.    h. 

Description  and  details  of  engine  and  compressor. 

Sbchsztlindriger  Viertaktschiffsmotor  von  lOOPSe,  Dierfield.  Zeitschrift 
des  Vereines  deutscher  Ingenieure,  September  2,  1911.     6§  pp.,  30  figs.     bf. 

Describes  a  6-cyllnder,  4-cycle,  100-e.h.p.  yacht  engine  using  alcohol  for  fuel. 

Teerolen  in  Dieselmotoren,  Uber  Verwertung  von,  Rath  und  Rossen- 
beck.  Dingier s  Polytechnisches  Journal,  September  23,  1911.  3  pp.,  8 
tables,   1  curve.     A. 

The  use  of  tar-oil  for  Diesel  engines. 

Toiler-A  Diesel  Oil-Engined  Vessel  of  2700  Tons,  J.  Rendell  Wilson. 
International  Marine  Engineering ,  July  1911.     1  p.,  1  fig. 

General  description  of  vessel  driven  by  two  180-b.h.p.  reversible  Diesel  4-cyllnder  oil  engines  and 
her  trial  trip. 


GENERAL  NOTES 

NATIONAL    CONSERVATION   CONGRESS 

The  third  annual  session  of  the  National  Conservation  Congress  was  held  in 
Kansas  City,  Mo.,  September  25-27.  More  than  a  thousand  delegates  from 
every  part  of  the  United  States  attended  the  sessions,  the  most  prominent  of 
whom  were  President  Taft,  Theodore  Roosevelt,  Gifford  Pinchot,  James  R. 
Garfield,  William  Bryan,  Secretary  Fisher  and  Dr.  H.  W.  Wiley.  The  special 
topic  of  discussion  was  the  conservation  of  the  soil,  and  in  particular  two  points 
were  emphasised.  The  first  was  the  necessity  of  scientific  farming  to  end  the 
appalling  soil  robbery  of  the  nineteenth  century;  the  second  was  the  need  of 
considering  the  welfare  of  women  and  children  on  the  farms,  and  so  of  making 
rural  life  attractive.  Among  the  points  touched  on  were  the  acidity  of  soils, 
the  use  of  phosphorus,  legume  culture,  and  other  aspects  of  the  sickness  and 
cure  of  soils.  One  of  the  interesting  addresses  of  the  convention  was  by  Mrs. 
Harriet  Wallace  Ashby  on  The  Farmer's  Wife.  She  advocated  the  formation 
of  clubs  of  farmers'  wives,  the  improvement  of  rural  schools,  and  the  establish- 
ing of  social  neighborhood  centers.  Other  speakers  discussed  the  place  of  the 
rural  church,  agricultural  training  in  schools,  the  parcels  post,  good  roads 
and  other  methods  for  making  farm  life  attractive,  so  that  the  young  people 
should  be  content  to  stay  at  home  instead  of  being  eager  to  go  to  the  cities. 
President  Taft's  message  was  the  plan  of  the  Government  to  cooperate  with  the 
state  and  the  county  authorities  in  placing  a  farm  expert,  so  far  as  possible,  in 
every  county  to  study  particularly  the  conditions  of  the  soil  and  climate  in  that 
county  and  act  as  a  counselor  for  the  farmers. 

AMERICAN    SOCIETY   OF   CIVIL    ENGINEERS 

At  a  meeting  of  the  American  Society  of  Civil  Engineers  in  the  Society  hous^e 
at  220  West  57th  Street,  New  York,  October  4.  W.  S.  Kinnear  read  a  paper  on 
The  Detroit  River  Tunnel.  On  October  18,  the  subject  was  The  New  York 
Tunnel  Extension  of  the  Pennsylvania  Railroad:  Station  Construction,  Road, 
Track,  Yard  Equipment,  Electric  Traction  and  Locomotives. 

AMERICAN    ELECTRIC    RAILWAY   ASSOCIATION 

The  American  Electric  Railway  Association  held  its  annual  meeting  October 
10  to  13,  at  Atlantic  City,  N.  J.  Among  the  addresses  were:  The  Hudson 
and  Manhattan  Tunnels,  William  G.  McAdoo;  The  Effect  of  Electric  Railway 
Operation  on  Taxable  C'ity  Property,  G.  H.  Harries;  Measures  for  the  Welfare 
of  Employees, ^D.  T.  Pierce;  Electric  Railway  Securities,  J.  G.  Cannon;  The 
Interurban,  C.  L.  Henry;  The  Toledo  Street  Railway  Situation,  A.  E.  Lang; 
Physical  Valuation,  O.  T.  Crosby.     Various  committees  reported  as  follows: 
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on  the  Welfare  of  Employees,  McGraw  Dictionary,  Compensation  for  Carrying 
United  States  Mail,  Taxation  Matters,  Federal  Relations,  and  Determining  the 
Proper  Basis  for  Rates  and  Fares. 

Affiliated  with  the  American  Electric  Railway  Association  are  the  American 
Electric  Railway  Accountants'  Association,  the  American  Electric  Railway 
Engineriug  Association,  the  American  Electric  Railway  Claim  Agents'  Associa- 
tion and  the  American  Electric  Railway  Transportation  and  Traffic  Association. 
Separate  simultaneous  meetings  were  held  by  these  various  branches,  at  which 
the  following  papers  were  read:  Accounting  System  for  a  Small  Electric  Rail- 
way, E.  D.  Gault;  Overhead  Charges,  M.  E.  Cooley;  Statistics  of  Cost  of 
Electric  Operation  on  Steam  Railways,  A.  B.  Bierck;  Trainmen,  Their  Selec- 
tion and  Method  of  Instruction  in  order  to  Obtain  Complete  and  Intelligent 
Accident  Reports,  E.  P.  Walsh;  The  Prevention  of  Accidents:  What  can  be 
done  to  increase  the  interest  of  employees  of  all  departments  in  this  work; 
The  best  means  of  promoting  greater  caution  on  the  part  of  platform  men, 
E.  C.  Carpenter;  The  Practical  Value  of  the  Index  Bureau  with  Some  Statistics 
and  Illustrations,  H.  R.  Goshorn;  How  can  the  Public  be  Educated  in  the  Pre- 
vention of  Accidents. 

NATIONAL   COMMERCIAL   GAS   ASSOCIATION 

The  annual  meeting  of  the  National  Commercial  Gas  Association  was  held 
in  Denver,  Colo.,  October  23  to  28,  1911.  The  papers  read  were:  Illuminating 
Engineering  and  its  Application  to  the  Gas  Industry,  E.  L.  Elliott;  Exhibition 
and  Description  of  Model  Glass  Gas  Works,  A.  F.  Traver;  The  Modern  Gas 
Fixture,  C.  Ummach;  Some  Notions  of  a  Manufacturer,  R.  K.  Clark;  Increased 
Efficiency  in  Scientific  Office  Accounting,  P.  R.  Jones;  Practical  Demonstra- 
tion Work,  Mrs.  Anna  Carroll;  Manufacture  of  Gas  Mantles  from  Artificial 
Fiber,  S.  Gulbrandsen;  Ventilation  of  Fuel  Gas  Appliances,  J.  H.  Walker; 
Pension  and  Profit  Sharing,  J.  B.  Douglas;  Relative  Cost  and  Efficiencies  of 
Gas,  Electric  and  Gasoline  Lighting,  W.  M.  Blinks.  The  entertainment  pro- 
vided was  a  special  feature  of  the  convention  and  included  an  all-day  trip  over 
the  famous  Moffat  Road  to  the  top  of  the  Continental  Divide,  where  a  game 
dinner  of  bear  meat,  venison,  grouse  and  mountain  trout  was  served;  a  trip 
to  the  Garden  of  the  Gods  where  the  members  and  guests  were  served  with  a 
chuck-wagon  dinner;  a  trip  up  South  Cheyenne  Canon  and  visits  to  Seven  Falls, 
Manitou  Springs  and  Mt.  Manitou. 

NATIONAL   MACHINE    TOOL   BUILDERS'    ASSOCIATION 

The  annual  convention  of  the  National  Machine  Tool  Builders'  Association 
was  held  at  the  Hotel  Astor,  New  York,  October  10  and  11,  at  which  the  follow- 
ing addresses  were  delivered;  Task  Work  as  a  Basis  of  Proper  Management, 
H.  L.  Gantt,  Mem.Am.Soc.M.E.;  Shop  Hygiene  as  a  Factor  in  Efficiency, 
W.  Talbot;  Standardization  of  Machine  Tools  for  the  Benefit  of  the  User, 
L.  P.  Alford,  Mem.Am.Soc.M.E.;  and  Heart  to  Heart  Talks  on  Trade  Condi- 
tions. On  the  opening  evening  the  association  was  the  guest  of  Machinery 
at  an  entertainment  and  organ  solo  in  the  grand  ball  room  of  the  Hotel  Astor. 
A  bufifet  supper  was  also  served.  The  following  evening  the  American  Machin- 
ist entertained  the  members  at  a  theater  party  at  the  Hippodrome. 


PERSONALS 

E.  E.  Alexander  has  assumed  the  duties  of  chief  draftsman  of  the  Taylor 
Iron  and  Steel  Co.,  High  Bridge,  N.  J.  Mr.  Alexander  was  until  recently 
identified  with  the  Cooke  Works  of  the  American  Locomotive  Co.,  Paterson, 

N.  J. 

Joseph  E.  Aue  has  become  connected  with  the  De  La  Vergne  Machine  Co. 
New  York,  in  the  capacity  of  chief  engineer  of  the  gas  and  oil  engine  department. 
He  was  formerly  identified  with  the  Snow  Steam  Pump  Works,  Buffalo,  N.  Y. 

William  W.  Boyd  has  accepted  a  position  with  the  E.  &  F.  Fairbanks  Co., 
St.  Johnsbury,  Vt.  He  was  recently  draftsman  of  the  motive  power  depart- 
ment of  the  Pennsylvania  Railroad,  Altoona,  Pa. 

Harold  V.  Coes  has  resigned  as  consulting  engineer  and  director  of  the  Search- 
light Gas  Co.  and  also  as  mechanical  engineer  for  the  Liquid  Carbonic  Co., 
to  accept  a  position  as  manager  of  the  Chicago  office  of  Lockwood,  Greene  & 
Co.,  Chicago,  111. 

H.  V.  Conrad,  formerly  consulting  engineer  with  the  Westinghouse  Air  Brake 
Co.,  Wilmerding,  Pa.,  has  become  connected  with  the  National  Brake  and  Elec- 
tric Company,  Milwaukee,  Wis. 

Harry  H.  Cook,  until  recently  chief  engineer  of  the  CoflBn  Valve  Co.,  Boston, 
Mass.,  has  accepted  a  position  with  the  Chapman  Valve  Manufacturing  Co., 
Indian  Orchard,  Mass. 

William  Elmer,  formerly  master  mechanic  of  the  Pennsylvania  Railroad  at 
Pittsburgh,  Pa.,  has  been  appointed  superintendent  of  motive  power  of  the  same 
company,  with  headquarters  in  Buffalo,  N.  Y. 

George  F.  Gast  has  become  connected  with  the  Atlantic  Gulf  and  Pacific  Co., 
San  Francisco,  Cal.  He  was  formerly  associated  with  the  construction  depart- 
ment of  the  Minnesota  and  Ontario  Power  Co.,  International  Falls,  Minn. 

W.  W.  Hodge,  formerly  connected  with  Dodge,  Day  &  Zimmermann,  Phila- 
delphia, Pa.,  as  field  superintendent,  has  accepted  a  position  with  the  Ameiican 
Steel  and  Wire  Co.,  Worcester,  Mass.,  as  assistant  superintendent  of  the 
electrical  cable  works. 

0.  D.  Hogue,  formerly  manager  of  the  power  pump  department  of  the 
Goulds  Manufacturing  Co.,  Boston,  Mass.,  has  been  appointed  vice-president 
and  treasurer  of  the  same  company  with  headquarters  in  Chicago,  111. 
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Gaetano  Lanza,  professor  of  theoretical  and  applied  mechanics,  in  charge 
of  the  department  of  engineering  of  Massachusetts  Institute  of  Technology, 
Boston,  Mass.,  has  been  made  professor  emeritus. 

Neal  T.  McKee  has  become  identified  with  the  Locomotive  Superheater 
Co.,  New  York.  He  was  until  recently  associated  with  H.  Clay  McKee  & 
Sons  Co..  Mt.  Sterling,  Ivy. 

Allen  V.  Moyer,  formerly  associated  with  the  Lyons  Boiler  Works,  De  Pere, 
Wis.,  in  the  capacity  of  assistant  secretary  and  mechanical  engineer,  has  as- 
sumed the  duties  of  secretary  and  treasurer  of  the  American  Welding  Co., 
Carbondale,  Pa. 

Alfred  Mullhaupt,  Jr.,  has  left  the  engineering  department  of  the  Buffalo 
Forge  Co.,  Buffalo.  N.  Y.,  to  take  up  sales  work  with  the  Westinghouse  Elec- 
tric and  Manufacturing  Co.,  East  Pittsburgh,  Pa. 

William  Newell  has  been  appointed  mechanical  engineer  of  the  Bureau  of 
Factory  Inspection  of  the  New  York  State  Department  of  Labor,  in  which 
capacity  he  will  devote  his  attention  to  the  prevention  of  industrial  acci- 
dents. He  was  formerly  assistant  Superintendent  of  the  liability  department 
of  the  Fidelity  and  Casualty  Co.,  New  York. 

Albin  J.  Nott  has  become  identified  with  the  Central  Georgia  Power  Co., 
Macon,  Ga.,  as  designing  draftsman.  He  was  formerly  switchboard  man  in 
charge  of  Pumping  Station  No.  6,  Sewerage  and  Water  Board.  New  Orleans,  La. 

Peter  Schwamb  has  resigned  from  his  position  as  professor  of  machine  design 
and  director  of  the  mechanical  laboratories  at  the  Massachusetts  Institute  of 
Technology,  Boston  Mass. 

Charles  F.  Scott,  recently  consulting  engineer  of  the  Westinghouse  Electric 
and  Manufacturing  Co.,  Pittsburgh,  Pa.,  has  been  appointed  professor  of  elec- 
trical engineering,  Sheffield  Scientific  School,  Yale  University,  New  Haven, 
Conn. 

Jos.  W.  Seymour,  formerly  general  superintendent  of  the  W.  A.  Harris  Steam 
Engine  Co.,  Providence,  R.  I.,  has  accepted  a  position  with  the  Providence 
Engineering  Works,  of  the  same  city. 

W.  H.  Smead,  formerly  with  the  General  Fire  Extinguisher  Co.,  Warren, 
O.,  has  accepted  a  position  with  The  Samuel  Austin  &  Son  Co.,  Cleveland, 
O.,  as  superintendent  of  the  heating  and  equipment  department. 

Rupert  K.  Stockwell  has  accepted  a  position  with  the  Robins  Conveying 
Belt  Co.,  New  York.  He  was  until  recently  in  the  employ  of  the  Tennessee 
Copper  Co.,  Copperhill,  Tenn. 
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L.  P.  Streeter  has  become  associated  with  the  Illinois  Central  Railroad, 
Chicago,  111.  in  the  capacity  of  air  brake  engineer.  Mr.  Streeter  was  formerly 
air  brake  inspector  of  the  Southern  Pacific  Co.,  Los  Angeles,  Cal. 

C.  D.  Terry,  formerly  superintendent  of  mill  departments  of  the  National 
Tube  Co.,  Kewanee,  111.,  has  been  appointed  assistant  to  the  general  superin- 
tendent of  the  same  company  with  headquarters  in  Pittsburgh,  Pa. 

W.  H.  Trask,  Jr.,  has  become  connected  with  the  United  Hydro  Electric 
Co.,  Idaho  Springs,  Colo.  He  was  formerly  assistant  sales  manager  of  the 
Central  Colorado  Power  Co.,  Denver,  Colo. 

Frank  S.  Tucker,  president  of  Tucker  and  Laxton,  Charlotte,  N.  C,  has 
become  associated  with  the  Westinghouse  Electric  and  Manufacturing  Co., 
Boston,  Mass. 

R.  A.  Wilson  has  resigned  his  position  as  expert  gas  engineer  for  the 
Snow  Steam  Pump  Works,  Buffalo,  N.  Y.,  to  take  up  a  similar  line  of  work 
for  the  Carnegie  Steel  Co.,  with  location  at  the  Ohio  Works,  Youngstown,  O. 


ACCESSIONS  TO  THE  LIBRARY 

With  Comments  by  the  Librarian 

Thl3  list  Includes  only  accessions  to  the  library  of  this  Society.  Lists  of  accessions  to  the 
libraries  of  the  A.  I.  E.  E.  and  A.  I.  M.  E.  can  be  secured  on  request  from  Calvin  W.  Rice, 
Secretary,  Am.  Soc.  M.  E. 

Bagasse  Drying,  E.  W.  Kerr.     (Louisiana  State  University.     Agricultural 

Experiment  Station  Bulletin  no.  128).     Baton  Rouge,  1911. 
Brussels  Exhibition  Fire  with  Some  Suggestions  as  to  Safeguards  at 

Future  Temporary  Exhibitions.     London,  1911. 
Canal  Record.    Vol.  1;  vol.  2,  nos.  6,  9-26,  28-52;  vol.  3,  nos.  1-5,  9-14,  16-18, 

21,  24,  26,  28-52;  vol.  4,  nos.  2-4,  7-52;  vol.  5,  no.  1.    Ancon,  1907-1911. 

Gift  of  B.  D.  Pender. 
Cambridge  (Mass.)  Water  Board.    Annual  Report,  1911.     Cambridge,  1911. 

Gift  of  the  board. 
Chicago  School  of  Architecture.     Year  Book,  1911-1912.     Chicago,  1911. 

Gift  of  the  school. 
Colorado  Agricultural  College.    32d  Annual   Register   of  Officers   and 

Students.     Fort  Collins,  1911.     Gift  of  the  college. 
Colorado  School  of  Agriculture.    2d  Annual   Register   of   Officers    and 

Students,    1911-1912.     Fort    Collins,    1911.     Gift    of    State    Agricultural 

College. 
Composition  of  Raw  Mixtures  for  Cement  Making,  S.  B.  Newberry.     Ed. 

3.     (Bull.  no.  8  Association  of  American  Portland  Cement  Manufacturers.) 

Philadelphia,  1905.     Gift  of  the  association. 
Dampflokomotiven  der  Gegenwart,  Robert  Garbe.     Berlin,  1907. 
David  Ranken,  Jr.,  School  of  Mechanical  Trades   Foundation    Deed, 

Deed  of  Gift,  Deed  Referred  to  in  Deed  of  Gift,  Charter  and  By- 
Laws.     1910.     St.  Louis,  1910.     Gift  of  the  school. 

2d  Annual  Catalogue,  1911.    St.  Louis,  1911.     Gift  of  the  school. 

Drahtseile,  Josef  Hrabdk.     Berlin,  1902. 

Eiserne  Brucken  ein  Lehr  und  Nachschlagebuch  FtJR  Studierende  und 

Konstrukteure,  G.  Schaper.     Ed.  2.     Berlin,  Ernst  &  Sohn,  1911. 
Elements  of  Electrical  Transmission,  O.  J.  Ferguson.     New  York,  Mac- 

millan  Co.,  1911. 

The  author  is  associate  professor  of  electrical  engineering  In  Union  College,  and  the  work  Is  evi- 
dently designed  for  a  textbook  for  college  classes.  It  seems  well  planned,  and  embodies  modern 
practice;  Is  well  Illustrated  and  Indexed. 

Engineering  Teacher  and  his  Preparation,  A.  N.  Talbot.  (Reprinted 
from  bulletin  of  the  Society  for  the  Promotion  of  Engineering  Education, 
vol.  2,  1911.)     Gift  of  the  author. 
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fixuDE  DB  LA  StabilitjS  de  I'AjfiROPLANE,  G.  de  Bothezat.  (Study  of  the  sta- 
bility of  aeroplanes.)     Paris,  1911.     Gift  of  Dunod  et  E.  Pinat. 

This  Is  a  thesis  for  the  doctorate  degree  In  the  Nicole  Polytechnlque  of  Paris.  The  author  discusses 
as  a  preliminary  the  forces  acting  on  an  aeroplane,  the  fundamentals  In  the  construction  of  an  aero- 
plane, and  the  action  of  the  planes;  the  discussion  of  the  stability  Is  mathematical  and  Is  quite  detailed. 

Fire  Precautions  and  the  Coronation  Celebrations,  being  a  Report 
ON  the  Special  Fire-Preventive  Work  of  the  British  Fire  Preven- 
tion Committee  for  June  22,  23,  1911.     London,  1911. 

German  Methods  in  Portland  Cement  Manufacture,  Dry  and  Wet 
Processes,  Otto  Schott.  Philadelphia.  Gift  of  the  Association  of  Ameri- 
can Portland  Cement  Manufacturers. 

Hilfsbuch  FtJR  Warme  und  Ivalteschutz,  I.  Andersen.     Berlin,  1910. 

Multiplex  Telephony  and  Telegraphy  by  means  of  Electric  Waves 
Guided  by  Wires,  Geo.  O.  Squier.  Paper  presented  at  Annual  Conven- 
tion, June  28,  1911,  of  American  Institute  of  Electrical  Engineers.  Gift 
of  the  author. 

National  Machine  Tool  Builders'  Association.  Alphabetical  and  Segre- 
gated List. 

Newberry  College.  Catalogue  1910-1911.  Columbia,  1911.  Gift  of  the 
college. 

New  York  City  Department  of  Docks  and  Ferries.  Studies  for  Com- 
bined Waterfront  and  Terminal  Industrial  Development,  C.  Tom- 
kins.     New  York,  1911.     Gift  of  C.  W.  Staniford. 

Power  Plant  Testing,  J.  A.  Moyer.    New  York,  McGraw  Hill  Book  Co..  1911. 

Report  upon  Price  of  Gas  in  Chicago  for  the  Chicago  Council  Committee 
ON  Gas,  Oil  and  Electric  Light,  Edward  W.  Bemis.  Chicago,  1911. 
Gift  of  the  author. 

Report  of  the  Fire  at  the  Empire  Palace  Theatre,  Edinburgh,  May  9, 
1911.     (British  Fire  Prevention  Committee,  no.  157.)     London,  1911. 

Rohrleitungen.  Gesellschaft  FtJR  Hochdruck-Rohrleitungen.  Vol.  1. 
Berlin,  1909. 

Uber  Sandgeblase,  H.  p.  A.  Knacke.     Berlin,  1910. 

SCHNELLSTAHL    UND    SCHNELLBETRIEB    IM    WeRKZEUGMASCHINENBAU,    Fr.     W. 

HuUe.     Berlin,  1909. 

Selbstkostenberechnung  FtJR  Maschinenfabriken.  J.  Bruinier.  Berlin, 
1908. 

Shipyard  Practice  as  applied  to  Warship  Construction,  N.  J.  McDermaid. 
London,  Longmans,  Green  &  Co.,  1911. 

Standard  Methods  of  Testing  and  Specification's  for  Cement.  Phila- 
delphia, 1911.  Gift  of  Association  of  American  Portland  Cement  Manu- 
facturers. 

Technische  Untersuchungsmethoden  zur  Betriebskontrolle,  J.  Brand. 
Ed.  2.     Berlin,  1907. 

Tri-Borough  Rapid  Transit  Railroad.  (Bids  for  construction  with  munic- 
ipal funds  of  portions.  Submitted  and  opened  October  27,  1910.)  Gift 
of  C.  W.  Rice. 

United  States  War  Department.  Army  List  and  Directory,  August  20, 
September  20,  1911.     Washington,  1911.     Gift  of  the  department. 
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University  of  Cincinnati.  Reports  of  the  Chairman  and  President,  1910. 
Cincinnati.     Gift  of  the  university. 

University  of  Maine.  Annual  Report,  1909.  Orono,  1909.  Gift  of  the  uni- 
versity. 

University  of  Oklahoma.  General  Catalogue,  1910-1911.  Norman,  1911. 
Gift  of  the  university. 

Ventilation  of  Electrical  Machinery,  W.  H.  F.  Murdoch.    New  York,  1911. 

This  little  work  of  79  small  pages  summarizes  In  an  elementary  way  what  Is  known  of  the  ventila- 
tion of  generators.  The  author  predicts  that  with  the  advance  of  artificial  local  cooling  the  cost  ol 
large  generators  may  be  reduced  to  one-half  or  one-third  the  present  cost  per  kilowatt. 

Western  Australia  Geological  Survey.     Bull.  no.  41.     Perth,  1911.     Gift 

of  Western  Australia  Geological  Survey. 
Western    Railway    Club.     Official    Proceedings,    vol.    23.     Chicago,    1911. 

Gift  of  the  club. 
Wood  Pulp  and  its  Uses,  C.  F.  Cross,  E.  J.  Bevan  and  R.  W.  Sindall.     New 

York,  Van  Nostrand  Co.,  1911. 

GIFT  OF  MRS.  CHARLES  WALLACE  HUNT 

American  Machinist.  Vols.  5-12,  14-20,  22-28.  New  York,  1882-1889,  1891- 
1897,  1899-1905. 

Dredge,  James.  Record  of  the  transportation  exhibits  at  the  World's  Colum- 
bian Exposition  of  1893.     London-New  York,  1894. 

Electrical  Engineer.     1892-1894. 

Electrical  World.     1891-1894. 

Engineer,  The.     Vols.  68-109,  1889-1910. 

Engineering.     Vols.  33-89,  1882-1910. 

Engineering  News.     Vols.  25-36,  1891-1896. 

Manufacturer  and  Builder.     1869. 

Mechanics.     1884. 

Railroad  Gazette.     1891-1894. 

Sanitary  Engineer  and  Construction  Record.    Vol.  15,  1886-1887. 

Scientific  American.  Vols.  3-8,  11-14,  55,  nos.  13-26;  vol.  56-57,  1847-1852, 
1855-1859,  1886-1887. 

Street  Railway  Journal.     1893,  1894. 

United  States  Census  Bureau.     12th  Census.     Vols.  1-2,  7-10,  1900. 

Watts,  I.,  Rankine,  W.  J.  M.  and  others.  Shipbuilding,  Theoretical  and 
Practical.     Vols.  1-2.     London,  1886. 

Miscellaneous  Periodicals,  2  vols. 

EXCHANGES 

Institution  of  Civil  Engineers.    Minutes  of  Proceedings.     Name  Index, 

vols.  119-170.    London,  1910. 
Langley  Memoir  on   Mechanical    Flight.     (Smithsonian    Contributions 

to  Knowledge.     Vol.  27,  no.  3.)     Washington,  1911. 
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UNITED  ENGINEERING  SOCIETY 

American  Year  Book,  1910.  New  York-London,  1911.  Gift  of  Engineers 
Club,  New  York. 

Graphite  as  a  Lubricant.  Ed.  11.  Jersey  City,  1909.  Gift  of  Joseph  Dixon 
Crucible  Co. 

International  Institute  of  Technical  Bibliography.  Year  Book  (Engi- 
neering Abstracts),  1910.     London,  1910. 

Rhodesia  Chamber  of  Mines.  16th  Annual  Report  1910.  Cape  Town, 
1911.     Gift  of  the  Rhodesia  Chamber  of  Mines. 

GIFT  OF  G.  H.  CONDICT 

American  Institute  of  Electrical  Engineers.     Transactions,  vols.  22,  23. 

New  York,  1904,  1905. 
Barber,  T.  W.     Engineer's  Sketch  book  of  Mechanical  Movements,  etc.     Ed.  3. 

London,  1897. 
Camp,  W.  M.     Notes  on  Track  Construction  and  Maintenance.     Ed.  2.     Chi- 
cago, 1904. 
Crosby,  O.  T.  and  Bell,  Louis.     Electric  Railway  in  Theory  and  Practice. 

Ed.  2.     New  York,  1893. 
Hiscox,  G.  D.     Gas,  Gasoline  and  Oil  Vapor  Engines.     Ed.  2.    New  York,  1898. 
Mechanical  Movements,  Powers,   Devices  and  Appliances.     New  York, 

1889. 
Hasluck,  p.  N.     Automobile,  Its  Construction  and  Management.  Translated 

from  G.  Lavergne's  Manuel  Theoretique  et  Pratique  de  L'Automobile  sur 

Route.     Philadelphia,  1902. 
Jenkins,  Rhys.     Motor  Cars  and  the  Application  of  Mechanical  Power  to 

Road  Vehicles.     London,  1892. 
Steinmetz,  C.  p.     General  Lectures  on  Electrical  Engineering.     Schenectady, 

1908. 

GIFT   OF   UNIVERSAL   VANADIUM   COMPANY 

Alloy  Steels  for  Motor  Car  Construction,  J.  A.  Mathews.     Pittsburgh. 

Case-Hardening  Process,  J.  K.  Smith.     Pittsburgh. 

Estimation  of  Vanadium  in  Ferro  Alloys,  Steels,  Cupro-Vanadium, 
Brasses  and  Bronzes.     Pittsburgh. 

Static  and  Dynamic  Properties  of  Steels.  (Reprint  of  an  article  from 
Iron  Age,  July  2,  1908).     Pittsburgh. 

Vanadium:  Its  Application  to  Cast  and  Malleable  Iron,  with  Results 
OF  Tests. 

Vanadium:  Its  Service  in  Automobile  Manufacture,  J.  K.  Smith.  Pitts- 
burgh. 

Vanadium  Spring  Steel  (Type  D).     Pittsburgh. 

Vanadium  Steels.  Their  Classification  and  Heat  Treatment  with  Directions 
for  Application  of  Vanadium  to  Iron  and  Steel.     Pittsburgh,  1911. 

Vanadium  Steels  for  the  Automobile.     Pittsburgh,  1911. 
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TRADE    CATALOGUES 

Bell  Electric  Motor  Company,  Garwood,  N.  J.  High  efficiency,  single- 
phase  motors,  16  pp. 

Bristol  Co.  Waterhury,  Conn.  Condensed  catalogue  no.  160  of  Bristol  instru- 
ments for  pressure,  temperature,  time  speed,  etc.,  64  pp. 

CoATESViLLE  BoiLER  WoRKS,  CoatesvUU,  Pa.  Boilers,  tanks,  stacks,  and  steel- 
plate  construction,  24  pp. 

William  Gainschow  Co.,  Chicago,  III.  Catalogue  no.  25  of  cut  and  planed 
gears,  cut-steel  machine  racks,  gear  patterns,  etc.,  228  pp. 

GoLDScHMiDT  Thermit  Co.,  New  York.  Reactions,  3d  Quarter,  1911,  devoted 
to  alumino-thermics  and  the  use  of  thermit  in  welding,  60  pp. 

Ingersoll-Rand  Co.,  Nciv  York.  Class  PB  duplex  power  driven  air  compres- 
sor, 24  pp. 

Manufacture  FRANgAiSE  d'Armes,  St.  Etienne,  France.  Catalogue  of  sport- 
ing goods  and  firearms,  940  pp. 

Model  Heating  Co.,  Philadelphia,  Pa.     The  model  heating  system,  23  pp. 

H.  Mueller  Mfg.  Co.,  Decatur,  III.  Catalogue  of  water,  gas  and  plumbing 
brass  goods  and  tools,  1100  pp. 

Pulsombter  Steam  Pump  Co.,  Neiv  York.  The  pulsometer;  its  operation^ 
construction,  application,  27  pp. 

Turbo-Blower  Co.,  New  York.     Description  of  the  turbo-blower,  8  pp. 


EMPLOYMENT  BULLETIN 

The  Society  has  always  considered  it  a  special  obligation  and  pleasant  duty  to  be  the  medium 
of  securing;  better  positions  for  its  members.  The  Secretary  gives  this  his  personal  attention 
and  is  most  anxious  to  receive  requests  both  for  positions  and  for  men  available.  Notices  are 
not  repeated  except  upon  special  request.  Copy  for  notices  in  this  Bulletin  should  be  received 
before  the  12th  of  the  month.  The  list  of  men  available  is  made  up  of  members  of  the  Society 
and  these  are  on  file,  with  the  names  of  other  good  men  not  members  of  the  Society,  who 
are  capable  of  filling  responsible  positions.      Information  will  be  sent  upon  application. 

POSITIONS     AVAILABLE 

0122  Chief  engineer  with  large  established  plant.  Location  Middle  States. 
Must  be  good  executive,  competent  to  design  and  construct  all  manner  of  steel 
structures,  familiar  with  the  handling  of  materials,  competent  to  solve  electri- 
cally either  D.  C.  or  A.  C.  mechanical  problems. 

0123  Member  with  long  experience  desii-es  to  organize  manufacturing  com- 
pany for  large  and  successful  specialty  requiring  total  capital  of  $15,000  and 
necessitating  only  small  working  force. 

0124  Member  desires  to  associate  with  party  willing  to  invest  $5,000  in 
manufacturing  a  new  electrical  instrument  now  in  great  demand,  patented  and 
introduced  successfully  this  past  year. 

MEN   AVAILABLE 

300  Mechanical  engineer  desires  position  as  manager  or  operating  engineer; 
for  12  years  with  large  industrial  plant  as  operating  engineer.  Best  of  refer- 
ences. 

301  Mechanical  and  electrical  engineer,  Cornell  graduate;  ten  years'  prac- 
tical experience  in  steam  and  hydraulic  power-plant  construction,  gas  work, 
building  construction,  including  reinforced  concrete,  factory  superintendence 
and  maintenance.  Desires  position  with  consulting  or  contracting  firm  or  as 
executive  engineer  in  manufacturing  concern. 

302  Member;  mechanical  engineer  and  draftsman;  extensive  experience  in 
general  drafting-room  work,  power-plant  design,  mill  engineering,  inspecting, 
charge  of  men  and  office  work,  etc.  Executive  position  preferred,  but  not 
essential.     Best  of  references. 

303  Member;  now  employed,  with  17  years'  experience  in  design  and  con- 
struction of  machinery  and  buildings,  manufacturing,  systematizing  and 
accounting,  graduate  Massachusetts  Institute  of  Technology  in  mechanical 
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engineering,  post-graduate  course  in  electrical  engineering,  desires  permanent 
position  in  New  York  City,  administrative  or  executive  capacity. 

304  Member;  experienced  in  construction,  management,  manufacturing, 
organization  and  independent  research  work,  desires  to  become  identified  in 
responsible  capacity  with  manufacturing  or  industrial  concern  of  prominence. 
Concise  record  of  experience  and  references  on  file  at  A.S.M.E. 

305  Stevens  graduate,  mechanical  engineer.  Junior  member;  six  years' 
general  experience  in  steam  and  electrical  engineering  work,  especially  from 
commercial  end,  desires  position  as  sales  engineer  or  as  assistant  in  firm  of  con- 
sulting or  industrial  engineers.  Best  references  from  present  employers. 
Age  27. 

306  Electrical  engineer,  18  years'  experience  in  Corliss  engine  and  steam 
turbine  power  plants;  motor  driving  in  industrial  plants,  operation,  main- 
tenance and  construction  of  general  electrical  work  in  executive  capacity  in 
large  industrial  plants.     Salary  $2400. 

307  Thoroughly  competent  chief  engineer,  who  can  produce  results,  desires 
to  make  a  change  in  his  position;  17  years'  practical  experience  on  large  steam 
and  gas  engines,  boilers  and  power-plant  equipment.  Thirty-eight  years  of 
age,  married.     Can  furnish  the  best  of  references.    Middle  West  prefened. 

308  Mechanical  and  electrical  engineer,  college  graduate,  seven  years' 
experience  in  power-plant  design,  erection  and  general  plant  engineering, 
including  estimates,  drafting  and  supervision;  accustomed  to  handling  men, 
both  in  engineering  oJQBce  and  field,  purchasing  equipment,  drawing  contracts, 
appraising  properties,  maintenance  and  operation  of  equipment;  experience 
covers  steam  and  hydraulic  power,  electrical  machinery  and  equipment,  elec- 
tric lighting  plants,  surveys,  buildings,  furnaces,  heating  systems,  hydraulic 
equipment  and  machine  design.  Desires  position  either  in  above  lines,  in 
sales  engineering,  or  with  contractor.    At  present  employed. 

309  Technical  graduate  experienced  in  drafting  room  and  in  office  work, 
desires  position  in  connecion  with  power  and  industrial  plant  installations. 

310  Cornell  mechanical  and  electrical  engineer;  17  years'  experience  in 
electric  railway,  power  and  industrial  plant  design,  cost  accounting,  manu- 
facturing, oflSce  administration,  etc.,  good  draftsman  and  systematizer,  com- 
petent as  works  manager,  superintendent,  auditor,  purchasing  agent,  and  effi- 
ciency engineer. 

311  Member  with  wide  experience  as  superintendent,  familiar  with  modern 
machine-shop  practice,  expert  on  tools  and  methods  for  increasing  production 
and  reducing  costs. 

312  Works  manager,  superintendent  or  efficiency  engineer,  with  20  years' 
experience  in  similar  capacity  with  some  of  the  best  known  concerns  in  the 
country.     Can  furnish  good  references. 
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313  Member  with  25  years'  experience  in  designing  special  tools  and  general 
machine  work  of  all  kinds,  hydraulic,  steam,  coal-handling,  stokers  and  fur- 
nace work,  will  be  pleased  to  give  part  time  for  outside  work. 

314  Mechanical  engineer,  wide  experience  in  sale  of  power  plant  equipment, 
will  be  available  November  1.     New  York  territory  preferred. 

315  Member,  over  20  years'  e.xperience  in  design,  superintendence  and 
management  in  shop  and  field,  desires  position  preferably  near  Philadelphia. 

316  Technical  graduate  with  18  years'  experience  in  shop,  drafting  room, 
oflSce  and  teaching  in  mechanical  engineering,  the  last  including  executive 
work,  would  like  to  change.  Desires  to  become  connected  with  consulting 
engineer  or  with  engineering  department  in  college  or  university. 


CHANGES  IN  MEMBERSHIP 
CHANGES  IN  ADDRESS 

ALBRIGHT,  H.  Fleetwood  (1903),  Genl.  Supt.,  West.  Elec.  Co.,  Hawthorne 

Sta.,  Chicago,  111. 
ALEXANDER,  Edward  E.   (Associate,  1908),  Ch.  Draftsman,    Taylor   Iron 

&  Steel  Co.,  High  Bridge,  N.  J. 
ALSBERG,  Julius  (Junior,  1905),  Asst.  to  John  Bogart,  141  Broadway,  and 

for  mail,  56  W.  95th  St.,  New  York,  N.  Y. 
AUE,  Joseph  E.   (1899),  Ch.  Engr.  Gas  and  Oil  Eng.  Dept.,  De   La  Vergne 

Mch.  Co.,  foot  E.  138th  St.,  New  York,  N.  Y. 
BAILEY,  Alex.  D.     (Junior,  1910),  Asst.  to  Ch.  Engr.,  Commonwealth  Edi- 
son Co.,  Chicago,  and /or  mail,  21  Elmwood  Ave.,  La  Grange,  III. 
BAILEY,  William  J.  (Junior,  1910),  United  Coal  Co.,  Pa.  Bldg.,  and /or  7nail, 

5831     Springfield  Ave.,  Philadelphia,  Pa. 
BANKS,  Thomas  Dent  (Junior,  1910),  Asst.  Engr.,  Dept.  Pub.  Service,  and 

for  mail,  215  W.  11th  Ave..  Columbus,  O. 
BARR,  John  H.   (1889),  Cons.  Engr.,  Union  Typewriter  Co.,  293  Broadway, 

New  York,  N.  Y. 
BEHREND,  Ernst  Richard  (1900),  Pres.  and  Genl.  Mgr.,  Hammermill  Paper 

Co.,  Erie,  Pa. 
BENTLEY,  O.  D.  H.     (1910),  Mgr.  Turbine   Dept.,  B.  F.  Sturtevant  Co., 

Hj'de  Park,  Mass. 
BERRY^vIAN,  Wilson  G.  (Junior,  1905),  Engr.,   Combustion  Utilities  Corp., 

60  Wall  St.,  New  York,  and /or  mail,  36  Murray  St.,  Flushing,  N.  Y. 
BOYD,  William  Wallace  (Junior,  1910),  Engrg.  Dept.,  E.  &  T.  Fairbanks  & 

Co.,  and  for  mail,  Box  78,  St.  Johnsbury,  Vt. 
BROOKS,  Louis   C.   (Junior,  1901),    Elec.    Engr.  Industrial   Control   Dept., 

Genl.  Elec.  Co.,  and  for  mail.  Route  49,  Schnectady,  N.  Y. 
CHENEY,  Walter  L.  (1883),  Sales  Mgr.,  Lucas  Mch.  Tool  Co.,  Cleveland,  O., 

and  Meriden,  Conn. 
GOES,  Harold  V.  O.  (Junior,  1907),  Mgr.  Chicago  Office,  Lockwood  Greene  & 

Co.,  First  Natl.  Bank  Bldg.,  Chicago,  III. 
CONRAD,  Hugh  Vincent  (1887;  1891),  Natl.  Brake  &  Elec.  Co.,  Milwaukee, 

Wis. 
COOK,  Harry  Hall  (Junior,  1910),  Engr.,  Chapman  Valve  Mfg.  Co.,  Indian 

Orchard,  and /or  mail,  44  Massachusetts  Ave.,  Springfield,  Mass. 
CORNELIUS,  Henry  Robert  (1888),  Sales  Mgr.,  Mesta  Mch.  Co.,  and  Darling- 
ton Rd.,  Pittsburgh,  Pa. 
COWLES,  William  Barnum  (1881),  R.  Hoe  &  Co.,  504  Grand  St.,  New  York, 

N.  Y. 
CRAIVIP,  Edwin  S.  (1888),  Vice-President,  1896-1898;  829  Park  Ave.,  New  York, 

N.  Y. 
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CROGHAN,  John  T.   (Associate,  1909),  Stone  &  Webster  Engrg.  Corp.,  West 

Boylston,  Mass. 
CUNNINGHAM,  George  H.  (Junior,  1910),  301  Hilda  Ave,  Missoula.  Mont. 
DALLIS,  Park  Andrew  (1911),  Mill  Arch.  andEngr.,  913  Candler  Bldg.,  Atlanta, 

Ga. 
DODDS,  William  B.    (Junior,   1907),   Instr.  Mech.  Engrg.,  Harvard  Univ., 

Ill  Pierce  Hall,  Cambridge,  Mass. 
DORNER,  Frederick  Harry  (Junior,  1907),  Mech.  Engr.,  Bayley  Mfg.  Co.,  and 

for  mail,  716  Prospect  Ave.,  Milwaukee,  Wis. 
EILERS,  Karl  Emrich  (1890;  1904),  Am.  Smelting  &  Refining  Co.,  165  Broad- 
way, and  for  mail,  435  Riverside  Drive,  New  York,  N.  Y. 
ELMER,  Wm.  (Junior,  1896),  Supt.  M.  P.,  Pa.  R.  R.,  622  Brisbane  Bldg., 

Buffalo,  N.  Y. 
FERGUSON,  Geo.  R.  (1890),  179  Washington  St.,  Brooklyn,  N.  Y. 
FLANDERS,  Ralph  E.  (Associate,  1908),  Engr.,  The  Fellows  Gear  Shaper 

Co.,  and /or  mail,  41  Pleasant  St.,  Springfield,  Vt. 
FOSTER,  Horatio  A.  (1895),  Elec.  Engr.,  229  S.  Broadway,  Yonkers,  N.  Y. 
FOWLER,  Geo.  L.  (1886),  Cons.  Mech.  Engr.,  83  Fulton  St.,  New  York,  N.  Y. 
FRY,  Lawford  H.  (1905),  Tech.  Rep.  in  Europe,  Baldwin  Loco.  Wks.,  34  Vic- 
toria St.,  London,  S.  W.,  England. 
FULLER,  Floid  M.  (Junior,  1907),  509  Fidelity  Bldg.,  and  Y.  M.  C.  A.,  Duluth, 

Minn. 
GARDNER,  Thomas  M.  (1903),  Anna,  111. 
GAST,  George  Fred  (Junior,  1910),  Atlantic  Gulf  &  Pacific  Co.,  and  for  mail, 

1239  Fairfax  Ave.,  San  Francisco,  Cal. 
GODDARD,  Arthur  L.  (1903),  Supt.  of  Shops,  Univ.  of  Wis.,  and  for  mail, 

1717  Monroe  St.,  Madison,  Wis. 
GREENE,  Augustine  E.  (1909),  Mill  Engr.,  847  Main  St.,  and  20  Imlay  St., 

Hartford,  Conn. 
HADFIELD,  Sir  Robert  Abbott,  F.  R.  S.   (1907),  Chairman  and  Managing 

Dir.,  Hadfield  Co.,  Sheffield,  and  for  mail,  3  Green  St.,  also  28  Hertford 

St.,  Mayfair,  W.,  London,  England. 
HAMILTON,  James  (1898),  Pat.  Lawyer,  31  Nassau  St.,  New  York,  N.  Y., 

and /or  mail,  80  Beech  St.,  East  Orange,  N.  J. 
HARGRAVE,  Russell  William  (Junior,  1899),  Gisholt  Mch.  Co.,  Madison,  and 

for  mail,  P.  O.  box  223,  Appleton,  Wis. 
HATMAN,  Julius  G.  (Junior,  1911),  Asst.  Supt.,  The  Wyandotte  County  Gas 

Co.,  and /or  mail,  607-A,  Orville  Ave.,  Kansas  City,  Kan. 
HENDERSON,  Richard  (1906),  Capt.,  U.  S.  N.,  Ret.,  P.  O.  Box 285,  Salisbury, 

N.  C. 
HITCHCOCK,  Fred'k  Matthew  (1899;  1907),  Exec.  Engr.,  Dexter  Folding  Co., 

Pearl  River,  N.  Y. 
HODGE,  Wm.  W.  (Junior,  1909),  Asst.  Supt.  Elec.  Cable  Wks.,  Am.  Steel  & 

Wire  Co.,  and  for  mail,  3  Berkman  St..  Worcester,  Mass. 
HOFMEYER,  George  August  (Associate,  1905),  Bldg.  Supt.,  Gimbel  Bros., 

Broadway  and  33d  St.,  and /or  mail,  250  VV.  22d  St.,  New  York,  N.  Y. 
HOGUE,  Oliver  D.  (1909),  V.  P.  and  Treas.,  The  Goulds  Mfg.  Co.  of  111.,  cor. 

Ohio  and  Franklin  Sts.,  and  The  Pattington,  660Graceland  Ave.,  Chicago, 

111. 
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HOLMES,  Urban  Tigner  (1910),  Commander  U.  S.  N.,  U.  S.  S.  Louisiana,  care 

of  Postmaster,  New  York,  N.  Y. 
HUMPHREYS,  Alex  C.    (1884),  Manager,   1907-1910;  Vice-President,  1910- 

1911;  Life  Member;  Pres.,  Stevens  Inst,  of  Tech.,  Hoboken,  N.  J.,  Pres. 

Buffalo  Gas  Co.,  and  for  mail,  Pres.,  Humphreys  &  Miller,  Inc.,  165  Broad- 
way, New  York,  N.  Y. 
HUNT,  Leigh  A.  (1906),  Pres.,  Hunt  Engrg.  Co.,  911  Commerce  Bldg.,  Kansas 

City,  Mo. 
JURGENSEN,   Jess  Christian   (Associate,   1905),   United  Piece  Dye  Wks., 

Lodi,  N.  J. 
KELMAN,  John  H.  (1904),  194  Lefferts  PL,  Brooklyn,  N.  Y. 
LAFORE,  John  Armand  (1904),  Second  V.  P.,  Lathbury-D'Olier  Co.,  Morris 

Bldg.,  and /or  mail,  Shady  Hill,  Logan  P.  O.,  Philadelphia,  Pa. 
LAIRD,  Wilbur  G.  (Associate,  1906),  with  Henry  L.  Doherty,  60  Wall  St., 

New  York,  N.  Y. 
LANGE,  Heinrich  Bartels  (Junior,  1910),  Am.  Optical  Co.,  and  for  mail,  4 

Walnut  St.,  Southbridge,  Mass. 
LANZA,  Cav.  G^etano  (1882),  Prof.  Emeritus  Theor.  and  Applied Mech.,  Mass. 

Inst,  of  Tech.,  Boston,  Mass.,  and  Engr.,  Baldwin  Loco.  Wks.,  500  N. 

Broad  St.,  and /or  mail,  The  Montevista,  63d  and  Oxford  Sts.,  Philadel- 
phia, Pa. 
LELAND,  Sanford  Daniels  (1900),  Pres.  and  Genl.  Mgr.,  Mfg.  Equip.  &  Engrg. 

Co.,  209  Washington  St.,  Boston,  and /or  mail,  6  Arlington  Rd.,  Wellesley 

Hills,  Mass. 
LUDY,  Llewellyn  V.  (1905),  Acting  Prof.  Steam  and  Gas  Engrg.,  Univ.  of  Wis., 

Madison,  Wis. 
McKEE,  Neal  Trimble  (Junior,  1907),  Loco.  Superheater  Co.,  30  Church  St., 

New  York,  N.  Y. 
MacLAREN,  Malcolm  Neill  (1899),  Nordberg  Mfg.  Co.,  42  Broadway,  New 

York,  N.  Y. 
MERRILL,  Albert  S.  (Junior,  1903),  122  N.  3d  St.,  Easton,  Pa. 
MITCHELL,  Guy  Edward  (1903),  Mgr.  Pittsfield  Plant,  Alden  Sampson  Mfg. 

Co.,  Pittsfield,  and /or  mail,  60  Dudley  St.,  Medford,  Mass. 
MONTGOMERY,  H.  M.  (1889),  Chicago  Mgr.,  Alberger  Condenser  Co.,  137 

S.  LaSalle  St.,  Chicago,  and  1221  Davis  St.,  Evanston,  111. 
MOYER,  Allen  V.  (Junior,  1909),  Secy,  and  Treas.,  Am.  Welding  Co.,  and  for 

mail.  Lock  Box  902,  Carbondale,  Pa. 
MtlLLHAUPT,  Alfred,  Jr.   (Junior,  1911),  Sales  Wk.,  Westinghouse  Elec.  & 

Mfg.  Co.,  East  Pittsburgh,  and /or  mail,  208  Gray  Bldg.,  Wilkinsburg,  Pa. 
MURRAY,  Charles  R.  (Associate,  1889),  Supt.,  Barnhart  Bros.  &  Spindler, 

168-172  W.  Monroe  St.,  Chicago,  and  1714  Asbury  Ave.,  Evanston,  III. 
NOTT,  Albin  James  (Junior,  1910),  Designing  Draftsman,  Central  Ga.  Power 

Co.,  and /or  mail,  6  Nevarro  Flats,  Macon,  Ga. 
OSTERGREN,  Oscar  Patric  (1910),  Mech.  and  Cons.  Engr.,  431  Throop  Ave., 

Brooklyn,  N.  Y. 
PALMER,  Arthur  E.   (Junior,  1909),  Sales  Engr.,  710  New  England   Bldg., 

Cleveland,  and /or  mail,  105  Carlyon  Rd.,  East  Cleveland,  O. 
PARKER,  Levin  S.  (1908),  Atlas  Dredging  Co.,  1629  Whitehall  Bldg.,  New 

York,  N.  Y. 
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PLACE,  Clyde  R.  (Associate,  1907),  Mech.  Engr.,  70  E.  45th  St.,  New  York, 

N.  Y.,  and  River  Edge,  X.  J. 
POTTS,  S.  Warren  (1909),  Mech.  Engr.,  R.  Hoe  &  Co.,  504  Grand  St.,  New  York, 

and /or  mail,  34  Shepherd  Ave.,  Brooklyn,  N.  Y. 
RAY,  Frederick  (Junior,  1903),  Ch.  Engr.,  Alberger  Pump  Co.,  140  Cedar  St., 

New  York,  N.  Y.,  and  Hemlock  Rd.,  Short  Hills,  N.  J. 
RICHARDS,  Chas.  Dexter  (Junior,  1904),  Asst.  Engr.  of  Tests,  Solvay  Process 

Co.,  and /or  mail,  268  Meadowbrook  Ave.,  Detroit,  Mich. 
ROBESON,  Anthony  Maurice  (1895),  care  of  A.  Moir,  1  London  Wall  Bldgs., 

London,  E.  C,  England. 
RUMSEY,  Spencer  S.   (1900;  1907),  Engr.  of  Constr.,  Oliver  Iron  Min.  Co., 

713  Wolvin  Bldg.,  and  217  S.  19th  Ave.,  E.  Duluth,  Minn. 
RUPP,  M.  E.  (Junior,  1909),  Mech.  Engr.,  Stanley  G.  Flagg  &  Co.,  1421  Chest- 
nut St.,  Philadelphia,  Pa.,  and  303  E.  4th  St.,  New  York,  N.  Y. 
SAWFORD,  Frank  (1909),  687  George  St.,  Sydney,  N.  S.,  Canada. 
SCOTT,  Charles  Felton  (1911),  Prof.  Elec.  Engrg.,  S.  S.  S.,  Yale  Univ.,  and 

for  mail,  284  Orange  St.,  New  Haven,  Conn. 
SEYMOUR,  Jos.  W.  (Junior,  1891),  Providence  Engrg.  Wks.,  Providence,  and 

for  mail,  29  Arnold  Ave.,  Edgewood,  R.  I. 
SHEPARD,  Geo.  H.  (1903),  Emerson  Co.,  30  Church  St.,  New  York,  N.  Y., 

and  for  mail,  1206  Harrison  St.,  Syracuse,  N.  Y. 
SHERWOOD,  Mather  W.  (1909),  Mech.  Engr.,  Chicago  Pneu.  Tool  Co.,  and 

for  mail,  1406  Liberty  St.,  Franklin,  Pa. 
SOWDEN,  Parkin  T.   (Junior,  1908),  Mech.  Engr.,  Stand.  Silver  Co.,  Ltd., 

33  Hayter  St.,  and  32  Palmerston  Gardens,  Toronto,  Ont.,  Canada. 
SPONSEL,  C.  W.  (1902),  22  Huntington  St.,  Hartford,  Conn. 
STOCKWELL,  Rupert  Kennedy  (Junior,  1910),  Engr.,  The  Robins  Conveying 

Belt  Co.,  13  Park  Row,  New  York,  N.  Y. 
STREETER,  Lafayette  P.  (1902;  Associate,  1903),  Air  Brake  Engr.,  111.  Cen- 
tral. R.  R.,  and /or  mail,  P.  O.  Box  69,  Chicago,  111. 
TADDIKEN,  J.  F.,  Jr.  (Junior,  1907),  Am.  Beet  Sugar  Co.,  Oxnard,  Cal. 
TERRY,  Charles  D.  (1902;  1908),  Asst.  to  Genl.  Supt.,  Natl.  Tube  Co.,  1706 

Frick  Bldg.,  Pittsburgh,  and /or  mail,  1123  South  Ave.,  Wilkinsburg,  Pa. 
THOMAS,  Carl  C.  (1908),  Prof.  Steam  and  Gas  Engrg.,  Univ.  of  Wis.,  Madison, 

Wis.,  and /or  mail,  Miinchnerstr.  8"  Dresden,  Germany. 
THURSTON,   Edward  D.,   Jr.    (Junior,   1909),    Instr.   Dept.   Mech.   Engrg., 

Columbia  Univ.  and /or  mail,  511  W.  113th  St.,  New  York,  N.  Y. 
TRASK,  Walter  H.,  Jr.  (Junior,  1908),  Engr.,  The  United  Hydro  Elec.  Co., 

Idaho  Springs,  Colo. 
TRAUTSCHOLD,  Reginald  (Junior,  1904),  90  Upper  Mountain  Ave.,  Mont- 

clair,  N.  J. 
TRUELL,  Karl  O.   (Associate,  1906),  Sydney  Cement   Co.,    Sydney,    N.    S., 

Canada. 
TUCKER,  Frank  Stevenson  (1905),  Westinghouse  Elec.  &  Mfg.  Co.,  and /or 

mail,  P.  O.  Box  3303,  Boston,  Mass. 
ULBRICHT,  T.  Carlile  (Junior,  1908),  Instr.  Dept.  of  Power  Engrg.,  Sibley 

College,  Cornell  Univ.,  and /or  mail,  128  Dryden  Rd.,  Ithaca,  N.  Y. 
WEBBER,  William  Oliver  (1881),  Cons.  Engr.,  7  Wellington  Terrace,  Brook- 
line,  Mass. 
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WEBSTER,  Lawrence  Burns  (Junior,  1910),  Mech.  Engr.,  Am.  Gas  &  Elec. 

Co.,  30  Church  St.,  New  York,  N.  Y.,  and/o?-  ?nail,  92G  S.  Washington  St., 

IMarion,  Ind. 
WEGG,  David  S.,  Jr.  (Junior,  1909),  Telluride  Asso.,  Ithaca,  N.  Y.,   and  16 

E.  Ontario  St.,  Chicago,  111. 
WETMORE,  Charles  P.  (1901),  5S8  Astor  St.,  Milwaukee,  Wis. 
WILSON,  Robert  Alexander  (Junior,  1910),  Carnegie  Steel  Co.,  Ohio  Wks., 

Youngstown,  O. 
YEOMANS,  Lucien  I.  (1910),  Production  Engr.  Dept.  213,  Sears,  Roebuck  & 

Co.,  and  416  E.  48th  PI.,  Chicago,  111. 

NEW  MEMBERS 

ASPINALL,  John  A.  F.  (Honorary,  1911),  Gledhill,  Mossley  Hill  Drive,  Liver- 
pool, England. 

BLAIR,  William  Richard  (1911),  Wks.  Mgr.,  Landis  Mch.  Co.,  St.  Louis,  Mo. 

FRANCIS,  Isaac  Hathaway,  Jr.  (1911),  Cons.  Engr.,  1508  Commonwealth 
Trust  Bldg.,  Philadelphia,  Pa. 

MURPHY,  Thomas  Robert  Hoysted;  (Junior,  1911),  Industrial  Engr.  and  Drafts- 
man, Jos.  H.  Wallace  &  Co.,  5  Beekman  St.,  New  York,  N.  Y.,  and /or 
mail,  P.  O.  Box  185,  Espanola,  Ont.,  Canada. 

VICTOREEN,  Ernest  Vitalis  (1910),  Supt.  Shops,  Tenn.  Coal,  Iron  &  R.  R. 
Co.,  Ensley,  and /or  7nail,  2233  Arlington  Ave.,  Birmingham,  Ala. 

PROMOTIONS 

COLE,  Arthur  W.  (1904;  1911),  Asst.  Prof.  Mech.  Engrg.,  Purdue  Univ.,  Lafay- 
ette, and  for  mail,  224  Waldron  St.,  West  Lafayette,  Ind. 

FOX,  Royal  E.,  Jr.  (1901;  1911),  V.P.,  The  Engr.  Co.,  Rm.  1180, 50  Church  St., 
and  Irving  Arms,  222  Riverside  Drive,  New  York,  N.  Y. 

MATTHEWS,  Fred  Elwood  (1904;  1911),  Asst.  Mgr.  Cold  Storage  Insulation 
Dept.,  H.  W.  Johns-Manville  Co.,  100  William  St.,  New  York,  N.  Y. 

DEATHS 

GOBEILLE,  Jos.  L6on,  September  12,  1911. 
McKINNEY,  William  S.,  August  30,  1911. 
TURNER,  John,  September  12,  1911. 
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November-December 

Advance  notices  of  annual  and  semi-annual  meetings  of  engineering  societies  are  regularly 
published  under  this  heading  and  secretaries  or  members  of  societies  whose  meetings  are  of 
Interest  to  engineers  are  Invited  to  send  such  notices  for  publication.  They  should  be  In  the 
editor's  hands  by  the  15th  of  the  month  preceding  the  meeting.  When  the  titles  of  papers  read 
at  monthly  meetings  are  furnished  they  will  also  be  published. 

AMERICAN  ASSOCIATION  FOR  THE  ADVANCEMENT  OF  SCIENCE 

December  27,  annual  meeting,  Washington,  D.  C.     Secy.,  L.  0.  Howard, 

Smithsonian  Institution. 
AMERICAN  CHEMICAL  SOCIETY 

December  27-30,  annual  meeting,  Washington,  D.  C.     Secy.,  C.  L.  Par- 

sons,  Durham,  N.  H. 
AMERICAN    INSTITUTE    OF    CHEMICAL    ENGINEERS 

December  20-22,  annual  meeting,  Washington,  D.  C.     Secy.,  J.  C.  Olsen, 

Polytechnic  Institute,  Brooklyn.  N.  Y. 
AMERICAN   INSTITUTE   OF  ELECTRICAL  ENGINEERS 

November  10,  monthly  meeting,  29  W.  39th  St.,  New  York.     Secy.,  R.  W. 

Pope. 
AMERICAN   PUBLIC   HEALTH  ASSOCIATION 

December  4-9,  annual  meeting,  Havana,  Cuba.     Secy.,  W.  C.  Woodward, 

Washington,  D.  C. 
AMERICAN   RAILWAY  ASSOCIATION 

November  15,  semi-annual  meeting,  Chicago,  111.    Secy.,  W.  F.  Allen,  75 

Church  St.,  New  York. 
AMERICAN   ROADMASTER'S   ASSOCIATION 

November  14-17,  annual  convention,  Rochester,  N.  Y.     Secy.,  E.  L.  Pow- 
ers, 150  Nassau  St.,  New  York. 
AMERICAN  SOCIETY  FOR  JUDICIAL  SETTLEMENT  OF  INTERNA- 
TIONAL DISPUTES 

November  7-8,  Conference,  Cincinnati,  O.   Secy.,  T.  Marburg,  Baltimore, 

Md. 
AMERICAN    SOCIETY    FOR    MUNICIPAL    IMPROVEMENTS 

December  11-13,   annual  meeting,  Waldorf-Astoria,  New  York.     Secy., 

A.  P.  Folwell,  239  W.  39th  St. 
AMERICAN   SOCIETY   OF   AGRICULTURAL   ENGINEERS 

December  27-30,  annual  meeting,  St.  Paul,  Minn.     Secy.,  J.  B.  Davidson, 

Ames,  Iowa. 
AMERICAN    SOCIETY    OF    CIVIL    ENGINEERS 

November  1  and  15,  bi-monthly  meetings,  220  W.  57th  St.,  New  York. 

Secy.,  C.  W.  Hunt. 
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THE   AJVIERICAN   SOCIETY   OF  MECHANICAL   ENGINEERS 

Monthly  Meetings:  New  York,  November  14;  Boston,  November  15;  New 

Haven,  November  15.     Secy.,  Calvin  W.  Rice,  29  W.  39th  St.,  New  York. 
ASSOCIATION  OF  RAILWAY  ELECTRICAL  ENGINEERS 

November  6-10,  annual  convention,  Chicago,  111.,     Secy.,  J.  A.  Andreu- 

cetti,  C.  &  N.  W.  Ry. 
ENGINEERS  CLUB  OF   ST.  LOUIS 

December  6,  annual  business  meeting,  3817  Olive  St.,  St.   Louis,  Mo. 

Secy.,  \V.  W.  Horner. 
NATIONAL  ASSOC  TAT  ION  OF  BRASS  MANUFACTURERS 

December  13-14,   annual   meeting,    New  York.    Secy.,   W.  M.   Webster, 

64  W.  Randolph  St.,  Chicago,  111. 
NATIONAL   FOUNDER'S   ASSOCIATION 

November  15-16,  annual  convention,  New  York.     Secy.,  F.  W.  Hutchings, 

915  Hammond  Building,  Detroit,  Mich. 
NATIONAL  GAS  AND  GASOLINE  ENGINE  TRADES  ASSOCIATION 

December  5-8,  annual  meeting,  Hotel  Hollenden,  Cleveland,  O.     Secy., 

A.  Stritmatter,  224  E.  7th  Ave.,  Cincinnati. 
NATIONAL   IRRIGATION  CONGRESS 

December  5-9,  Chicago,  111.  Secy. ,  Arthur  Hooker,  830  Commercial  National 

Bank  Bldg.,  Chicago,  111. 
NATIONAL    SOCIETY    FOR    THE    PROMOTION    OF    INDUSTRIAL 

EDUCATION 

November  2^,  annual  meeting,  Cincinnati,  O.     Secy.,  E.  H.  Reisner,  20 

W.  44th  St.,  New  York. 
OHIO    SOCIETY    OF    MECHANICAL,     ELECTRICAL    AND    STEAM 

ENGINEERS 

November  17-18,   annual  meeting.   Canton,   O.     Secy.,   F.   E.   Sanborn, 

Ohio  State  University,  Columbus. 
SOCIETY   OF   NAVAL   ARCHITECTS   AND   MARINE    ENGINEERS 

November  16-17,  annual  meeting,  New  York.    Secy.,  W.  J.  Baxter,  29  W. 

39th  St. 

MEETINGS   IN  THE  ENGINEERING  SOCIETIES  BUILDING 

Date  Society  Secretary  Time 

November 

2     Blue  Room  Engineering  Society W.  D.  Sprague 8.00  p.m. 

9     Illuminating  Engineering  Society P.  S.  Millar 8.00  p.m. 

9     Institute  of  Operating  Engineers H.  Collins 8.00  p.m. 

10    American  Institute  of  Electrical  Engineers.. R.  W.  Pope 8.00  p.m. 

14    American  Society  of  Mechanical  Engineers.  .C.  W.  Rice 8.00  p.m. 

16  American  Society  of  Engineer  Draftsmen H.  L.  Sloan 8.00  p.m. 

16-17    Society  of  Naval  Architects  and  Marine 

Engineers W.  J.  Baxter All  day. 

17  New  York  Railroad  Club H.  D.  Vought 8.15  p.m. 

21  New  York  Telephone  Society T.  H.  Lawrence. .  .  .8.00  p.m. 

22  Municipal  Engineers  of  New  York C.  D.  Pollock 8.00  p.m. 
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Date                      Society                                            Secretary  Time 

December 
5-8  American  Society  of  Mechanical  Engineers. C.  W.  Rice All    day. 

7  Blue  Room  Engineering  Society W.  D.  Sprague 8.15  p.m. 

8  American  Institute  of  Electrical  Engineers.. F.L.Hutchinson 

(Acting  Secy.) . .  .8.15  p.m. 

14  Illuminating  Engineering  Society P.  S.  Millar 8.00  p.m. 

15  New  York  Railroad  Club H.  D.  Vought 8.15  p.m. 

19    New  York  Telephone  Society T.  H.  Lawrence .. .  .8.15  p.m. 

27    Municipal  Engineers  of  New  York C.  D.  Pollock 8.15  p.m. 


OFFICERS  AND  COUNCIL 

President 
E.  D.  MEIER 


Vice-Presidents 


Terms  expire  1911 
CHARLES  WHITING  BAKER 
W.  F.  M.  GOSS 
ALEX.  C.  HUMPHREYS 


Terms  expire  1911 
H.  L.  GANTT 
I.  E.  MOULTROP 
W.  J.  SANDO 


FRED.  W.  TAYLOR 
F.  R.  BUTTON 


Managers 

Terms  expire  1912 
H.  G.  STOTT 
JAMES  HARTNESS 
H.  G.  REIST 

Past-Presidents 
Members  of  the  Council  for  1911 


GEORGE  WESTINGHOUSE 


Chairman  of  the  Finance  Committee 
ROBERT  M.  DIXON 

Treasurer 
WILLIAM  H.  WILEY 


Terms  expire  1912 

GEORGE  M.  BRILL 

E.  M.  HERR 

H.  H.  VAUGHAN 


Terms  expire  1913 

D.  F.  CRAWFORD 

STANLEY  G.  FLAGG,  JR. 

E.  B.  KATTE 


M.  L.  HOLMAN 
JESSE  M.  SMITH 


Honorary  Secretary 
F.  R.  HUTTON 

Secretary 
CALVIN  W.  RICE 


EXECUTIVE  COMMITTEE   OF  THE  COUNCIL 


E.  D.  MEIER.  Chmn. 

C.  W.  BAKER.  Vice-Chmn. 


Finance 

R.M.DIXON  (.2),  Chmn. 
G.J.  ROBERTS  (1) 
W.  H.MARSHALL,(3) 
H.  L.  DOHERTY  (4) 
W.  L.  SAUNDERS  (5) 

House 
F.  BLOSSOM  (2),  Chmn. 
B.  V.  SWENSON  (1) 
E.  VAN  WINKLE  (3) 
H.  R.  COBLEIGH  (4) 
S.  D.  COLLETT  (5) 

Library 
L.WALDO  (\),Chmn. 
W.  M.  McFARLAND  (2) 
C.  L.  CLARKE  (3) 
A.  NOBLE  (4) 
E.  G.  SPILSBURY  (5) 


H.  L.  GANTT 
F.  R.  HUTTON 

STANDING  COMMITTEES 

Membership 

F.  H.  STILLMAN  (1),  Chmn 

G.  J.  FORAN  (2) 
H.  WEBSTER  (3) 
T.  STEBBINS  (4) 
W.  H.  BOEHM  (5) 


H.  G.  REIST 
JESSE  M.  SMITH 


Research 

W.  F.  M.  GOSS  (3),  Chmn. 
R.  H.  RICE  (1) 
R.  D.  MERSHON  (2) 
R.  C.  CARPENTER  (5) 


Publication 
H.  F.  J.  PORTER  (1).  Chmn. 

F.  R.  LOW  (2) 

G.  I.  ROCKWOOD  (3) 
G.  M.  BASFORD  (4) 
C.  I.  EARLL  (5) 


Meetings 
L.  R.  POMEROY  (1).    Chmn. 
C.  E.  LUCKE  (2) 
H.  De  B.  PARSONS  (3) 
W.  E.  HALL  (4) 
C.  J.  H.  WOODBURY  (5) 


Public  Relations 
J.  M.  DODGE  (5),  Chmn. 
R.  W.  HUNT  (1) 
D.C.JACKSON  (2) 
J.  W.  LIEB.JR.  (3) 
F.  J.  MILLER  (4) 
Note — Numbers  in  parentheses  Indicate  number  of  years  the  member  has  yet  to  serve. 
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VV.  R.  DUNN,  Chmn. 
F.  VV.  KELLEY,  Secy, 
J.  G.  BERGQUIST 
W.  F.  COWHAM 
J.  W.  FULLER.  Jr. 


F.  E.  ROGERS.  Chmn. 
L.  D.  BURLINGAME 
W.  L.  CLARK 
W.  A.  DIEFENDORF 


MEETINGS  OF  THE  SOCIETY 

{Co7itinued) 

Cement 

L.  L.  GRIFFITHS 

E.  M.  HAGAR 
LEIGH  HUNT 
MORRIS  KIND 

F.  H.  LEWIS 
R.  K.  MEADE 

Machine  Shop  Practice 
A.  L.DeLEEUW 
F.  L.  EBERHARDT 
F.  A.  ERRINGTON 
A.  A.  FULLER 


EJNAR  POSSELT 
H.J.  SEAMAN 
A.  C.  TAGGE 
H.  STRUCKMANN 
P.  H.  WILSON 


H.  D.  GORDON 
H.  K.  HATHAWAY 
E.J.KEARNEY 
Wm.  LODGE 


OFFICERS  OF  AFFILIATED  SOCIETY 

Providence    Association    of   Mechanical    Engineers 
T.  M.  PHETTEPLACE,  Pres.  W.  H.  PAINE,  Vice-Pres. 

J.  A.  BROOKS,  Secy.  A.  H.  WHATLEY,  Treai. 
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OFFICERS  OF  THE  GAS  POWER  SECTION 


Chairman 

R.  H.  FERNALD 

Gas  Power 
Executive    Committee 

F.  H.  STILLMAN  (5).  Chmn. 

G.  I.  ROCKWOOD  (1) 
C.  J.  DAVIDSON  (1) 

E.  D.  DREYFUS  (1) 

F.  R.  HUTTON  (2) 
H.  H.  SUPLEE  (3) 
F.  R.  LOW  (4) 

Gas  Power 
Committee  on  Meetings 

WM.  T.  MAGRUDER,  Chmn. 

W.  H.  BALUVELT 

E.  D.  DREYFUS 

A.  H.  GOLDINGHAM 

NISBET  LATTA 

H.  B.  MACFARLAND 


Gas  Power 
Literature    Committee 
R.  B.  BLOEMEKE,  Chmn. 
H.  S.  ISHAM 
W.  F.  MONAGHAN 
A.  W.  H.  GRIEPE 
W.  S.  MORRISON 
H.  G.  WOLFE 
N.J.YOUNG 
S.  O.  SANDELL 
S.  I.  OESTERREICHER 
J.  MAIBAUM 

Gas  Power 
Installations  Committee 

L.B.LENT,    Chmn. 
A.  DEMENT 
C.  B.  REARICK 


Secretary 
GEO.  A.  ORROK 

Gas  Power  Plant 
Operations  Committee 

I.  E.  MOULTROP,  Chmn. 

J.  D.  ANDREW 

C.  J.  DAVIDSON 

C.  N.  DUFFY 

H.  J.  K.  FREYN 

W.  S.  TWINING 

0.  W.  WHITING 

Gas  Power 
Membership  Committee 
H.  R.  COBLEIGH,  Chmn. 
H.  V.  O.  GOES 
A.  E.  JOHNSON 

F.  S.  KING 

A.  F.  STILLMAN 

G.  M.  S.  TAIT 
GEORGE  W.  WHYTE 
S.  S.  WYER 


OFFICERS     OF     STUDENT     BRANCHES 


INSTITUTION 

DATE 
AUTHORIZED 
BY  COUNCIL 

HONORARY 

CHAIRMAN 

PRESIDENT 

CORRESPONDINa 

SECRETARY 

Stevens  Inst,  of  Tech. 

Dec.  4, 1908 

Alex.  C.  Humphreys 

A.  E.  Bauhan 

A.  D.  Karr 

Cornell    University 

Dec.  4.  190S 

R.  C, Carpenter 

F.  E.  Yoakem 

D.  S.  Wegg,  Jr. 

Armour  Inst,  of  Tech. 

Mar.  9.  1909 

G.  F.  Gebhardt 

C.  E.  Beck 

F.  H.  Griffiths 

LelandStanfordJr.  Univ. 

Mar.  9,  1909 

W.  F.  Durand 

C.  H.  Shattuck 

C.  W.  Scholefield 

Brooklyn   Poly.   Inst. 

Mar.  9,  1909 

W.  D.  Ennis 

A.  L.  Palmer 

R.  C.  Ennls 

Purdue   University 

Mar.  9, 1909 

L.  V.  Ludy 

L.  Jones 

H.  E.  Sproull 

University  of  Kansas 

Mar.  9.  1909 

P.  F.  Walker 

V.  H.  Hllford 

L.  L.  Browne 

New  York  University 

Nov.  9, 1909 

C.  E.  Houghton 

Harry  Anderson 

Andrew  Hamilton 

Univ.  of  Illinois 

Nov.  9, 1909 

W.  F.  M.  Gosa 

F.  J.  Schllnk 

E.  J.  Hasselqulst 

Penna.  State  College 

Nov.  9,  1909 

J.  P.  Jackson 

J.  A.  Kinney 

H.  S.  Rodgers 

Columbia    University 

Nov.  9,  1909 

Chas.  E.  Lucke 

N.  E.  Hendrlckson 

J.  L.  Haynes 

Mass.   Inst,  of  Tech. 

Nov.  9, 1909 

Gaetano  Lanza 

J.  A.  Noyes 

R.  M.  Ferry 

Univ.   of   Cincinnati 

Nov.  9,  1909 

J.  T.  Falg 

C  J.  Malone 

J.  H.  Schneider 

Univ.   of   Wisconsin 

Nov.  9,  1909 

H.  J.  B.  Thorkelson 

F.  B.  Sheriff 

L.  F.  Garlock 

Univ.  of   Missouri 

Dec.  7,  1909 

H.  Wade  Hibbard 

G.  D.  Mitchell 

P.  A.  Tanner 

Univ.    of    Nebraska 

Dec.  7,  1909 

C.  R.  Richards 

W.  0.  Forman 

C.  A.  Bennett 

Univ.  of  Maine 

Feb.  8,1910 

Arthur  C.  Jewett 

A.  H.  Blaisdell 

W.  B.  Emerson 

Univ.   of  Arkansas 

Apr.  12,1910 

B.  N.  Wilson 

W.  Q.  Williams 

H.  W.  Barton 

Yale  University 

Oct.  11,1910 

L.  P.  Breckenridge 

F.  M.  Jones 

W.  St.  C.  Chllds 

Rensselaer  Poly.  Inst. 

Dec.  9,  1910 

A.  M.  Greene,  Jr. 

G.  K.  Palsgrove 

H.  J.  Partheslua 

State  Univ.  of  Ky. 

Jan.  10,1911 

F.  P.  Anderson 

J.  W.  Gary 

J.  T.  Lowe 

Ohio  State  University 

Jan.  10. 1911 

E,  A.  Hitchcock 

H.  T.  Lang 

W.  J.  Assel 

Washington   University 

Mar.  10. 1911 

F.  E.  Glasgow 

Lohlgh  University 

June  2, 1911 
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THE  WARNER  &   SWASEY 

CLEVELAND,  OHIO 


C  O  M  PA  N  Y 


Branch  Offices:  NEW  YORK,  CHICAGO,  DETROIT 


TURRET  LATHES        TURRET  SCREW  MACHINES         BR ASS-WOIiKlNG  MACHINE  TOOLS 


This  new  No.  3A  HOLLOW-HEXAGON  lURRET  LATH  E— for  Bar 
and  Chucking  Work — -equally  efficient  for  both.  Immediately  available  for 
any  requirement — completely  equipped  as  required  for  work  from  bar  stock, 
forgings  and  castings — small  or  large  lots.  Capacity:  Bar  Stock  3|";  Castings 
and  forgings  15";  Turret  travel  36".     Illustration  shows  "chucking  equipment." 


U 


The  Planers  of  Woods" 


High  Speed  Planers  Matchers  and  Moulders 

WITH    LABOR    SAVING    DEVICES    WHICH    PROVIDE 
FOR  A  MAXIMUM  OUTPUT  AT  A  MINIMUM  EXPENSE 

S.   A.   WOODS  MACHINE  CO. 

THE  PLANER  SPECIALISTS 

BOSTON  U.S.A. 


CHICAGO 
NEW  ORLEANS 


NORFOLK 
SEATTLE 


HARTNESS    FLAT  TURRET  LATHE 

Working  Range  for  Bar  Work 

THE  work  shown  on  this  page  is  the  product  of  the 
2  X  24-inch  Flat  Turret  Lathe  with  the  automatic 
die  outfit  (outfit  D).  This  outfit  gives  the  highest 
efficiency  on  such  work.  It  turns  all  diameters  up  to  2j 
inches  and  all  lengths  up  to  24  inches,  and  cuts  all  U.  S. 
standard  screws  from  |  to  li  inches,  inclusive,  by  six- 
teenths, (Whitworth,  Metric  or  V  standard  furnished  if 
desired.)     Items  of  outfits  on  pages  86  and  87. 

The  same  kind  of  work  is  turned  out  by  the  3  x  36- 
inch  with  automatic  die  outfit;  turning  diameters  from 
3  inches  down,  and  lengths  up  to  36  inches,  and  cutting 
screw  threads  from  1  to  2  inches,  inclusive,  U.  S.  stand- 
ard. (Whitworth,  Metric  or  V  standard  furnished  if 
desired.) 


Springfield,  Vt. 
U.S.A. 


Jones  &  Lamson 


Germany,   Holland,  Belgium,  Switzerland,  Austria-Hungary, 
M.  KoyemanD,  Charlottenstrasse,  112  Dvisseldorf,  Germany. 


Examples  indicating  working  range  and  character  of  work  covered^ 
by  both   machines 


Machine  Company 


QueenVictoria  St. 

London,  E.  C. 


France  and  Spain,  Ph.  Bonvillaln  and  E.  Ronceray,  9  and  11 
Rue  des  Envlerges,  Paris.     Italy,  Adler  &  Eisenschitz,  Milan 


High-Speed  Steam-Hydraulic  Forging  Presses 

double   your    production   with    one-half 
your  labor  cost  and  steam  consumption 


COST  OF  REPAIRS  REDUCED 


Eliminates  Heavy  Shocks  and 
Vibration 

SINGLE  LEVER  CONTROL 


SMALL  SIZES— Single  Frame  Type 
LARGE   SIZES-Four   Column   Type 


BUILT  FOR  ALL    CLASSES  OF 
FORGING,  SHEARING  OR    PRESSING 


100  Tons  to  12,000  Tons  Capacity 

MANDFACTDRED  UNDER  DAVY  BROS.,  LTD.,  PATENTS 

UNITED  ENGINEERING  &   FOUNDRY  CO. 

2300   FARMERS'    BANK   BUILDING  PITTSBURG,   PA. 

MANNING,    MAXWELL   &    MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 


85-87-89  LIBERTY  STREET 


NEW  YORK 


EFFICIENCY 

The   Principles  of  Scientitic  Shop   Management  as 
AppHed  to  the   Printin^j;  Business 

We  manufacture  the  Journal  of  the  American  Society  of  Mechanical 
En^^ineers.     In  addition  we  produce  25  other  scientific  and  technical 
publications  and  a  large  volume  of  books  and  catalooues. 
Ail    are    handled    on    a    definite    schedule   maintaining    the    highest 
standard  of  mechanical   workmanship. 

WILLIAMS  &WILKINS  COMPANY 

2427-2429  YORK   ROAD  BALTIMORE,   MD.   U.S.A. 


HERE  IS  THE 

STORY  OF 


Trade 


C. 


Mark 


liHiaSTF.HKl) 


Beware  of 
Imitations 


NICHOLS  TAP  AND 

REAMER  WRENCH 

Never  Loosens  its  Grip, 

as  the  Handle  does  not 

Rotate.      Years  on 

the  Market,  and 

Superior    To 

All  Others 


THAT'S  ALL! 

THE  J.  M.  CARPENTER 

TAP  &  DIE  COMPANY 

PAWTUCKET,   R.   I.,   U.  S.  A. 


GARVIN  MACHINE  COMPANY 

FACTURERS    OF 

MILLING    MACHINES 

ALL  STYLES  AND   SIZES 

SCREW    MACHINES 

MONITOR     LATHES 

FORMING    MACHINES 

CAM    CUTTING 

MACHINES 

TAPPING    MACHINES 

DRILL    PRESSES 

CUTTER    GRINDERS 

HAND    LATHES 

SPRING  COILERS 

AND 

SPECIAL      MACHINERY 

OFFICE    AND    WORKS 

137  VARICK    STREET 

NEW  YORK  CITY 
VISITORS   WELCOME 


No.    1 2   Universal  Milling  Machine. 
Use  Code — Aneroid 


"CROWN" 
SAND    RAMMERS 


And    this    ex- 
plains   wKiy  the 
"CROWIM"   Sand 
Rammer   has,    in   a 
very  few  years,  come 
to  the  front  as  an  eco- 
nomic   necessity    in    the 
largest,    best    managed, 
most  profitable  foundries  of 
the  country. 


The  day  is  past  when  **any 
old  thing  would  do  for 
the  foundry."  To-day, 
foundry  men  are  de- 
manding the  best 
of  labor-saving, 
cost-reducing, 


output-in- 
creasing 
tools. 


COMPRESSORS  AIR  TOOLS  AIR    HOISTS 

INGERSOLL-RAND  CO. 

NEW  YORK  LONDON 

Offices  in  All  the  Principal  Cities  of  the  World 


FULL  SIZE  DRAWINGS   OF  ANY 
LARGE  MACHINE 

can  be  made  with  the  same  speed,  faciHty  and  ac- 
curacy as  on  a  regulation  size  board  by  the  use  of  the 

"NOYES"      VERTICAL    OR    HORIZONTAL       T-SQUARE 


With  this  out- 
fit it  is  practi- 
cal to  make 
complete  as- 
sembled draw- 
ings to  scale 
with  all  details 
worked  out  of 
almost  any 
piece  of  ma- 
chinery. 

There  is  prac- 
tically no  limit 
to  the  size  of 
drawing  it  is 
possible  to 
cover. 


v^j 


The  above  illustration  shows  one  of  our  machines  de- 
signed for  use  on  Vertical  boards,  for  drawings  up  to 
108  inches  wide,  and  from  5  feet  to  50  feet  in  length. 

Let  us  send  you  circular   describing  this   necessary  adjunct  to  the   modern  drafting   room   shoivinrr    hoio 
speed,  accuracy   and  health   are  obtained  by  using  the  '*  Noyes"    Vertical  or  Horizontal    T-Srjuare. 


EMMERT    MFG.   COMPANY, 


WAYNESBORO, 
PA..  U.  S.  A. 


iSI    M    ^K^l  Switchboards 


"^  "^    a 


Switchboards  for  Every  Service 

Designed,  Manufactured,  Assembled,  Inspected 
by  the 

General  Electric  Company 


Principal  Office:    Schenectady,   N.  Y. 
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Westinahoiise  10  II. P.,  Type  "MS"  Motor  Driving  Bar  Pullur. 

The  driving  motor  for  iron  and  steel  mill 
machinery  must  be  as  nearly  as  possible 
proof  against  failure  from  any  cause. 

WestinghouseTypeMSMill  Motors 

Alternating  Current— Constant-Speed— Squirrel=Cage  Construction 


are  especially  adapted  to  this  service  as  the  absence  of 
sliding  contacts  makes  possible  the  construction  of  an  almost 
indestructible  machine.  The  bearings,  the  only  parts  sub- 
ject to  wear,  are  very  large  and  rigidly  supported  in  the 
housings.  The  bearing  shells  are  cast  iron,  split,  and  lined 
with  babbitt  metal.  Each  bearing  shell  has  three  machined 
bosses  which  rest  on  niachined  seats  in  the  housings.  Lugs 
and  shoulders,  cast  on  the  shell  and  the  housing,  prevent  the 
bearings  from  turning  or  shifting.    No  dowel  pins  are  used. 

Full  particulars  in  Circular  No.  1  1  64 


Westinghouse  Electric  &  Mfg.  Co. 


Sales  Offices  in  All  Large  Cities 


East   Pittsburg,  Pa. 


NELSON    Blow-off  Valve 


TRADE-MARK    REGISTERED 


Iron,  for  300  pounds  working  pressure 
Steel,  for  extreme  service 


Sizes  U"  to  3",  screwed 
or  flanged. 

Valve  cannot  be  opened 
suddenly;  slow  opening 
prevents  sudden  and  ex- 
cessive water-hammer. 

Becauee  the  Yoke  (2) 
is  firmly  bolted  to  the 
Body  (i)  the  Plunger  is 
always  perfectly  in  line. 
This  lets  the  plunger 
slide  freely,  makes  the 
stem  operate  easily.  No 
sticking — no  jam. 

Bronze  stem  (6)  has 
threads  cut  accurately, 
specially  adapted  to  the 
valve's  duty;  the  Collar 
(7)  is  cast  solidly  on  this 
stem,  it  cannot  work  loose. 

Lever  wrench  (12)  (see 
outside  view)  engages 
with  Nut  (11) .  This  com- 
presses Sleeve  (10)  on 
Packing  Ring  (9),  adjust- 
ing it  to  a  nicety,  when 
the  valve  is  closed.  This 
wrench  cannot  be  re- 
moved from  the  valve  or 
lost,  but  can  easily  be 
lifted  from  the  nut  to  get 
a  new  "bite." 

Packing  (13)  is  com- 
pressed by  Bolted  Gland 
(14)  (more  clearly  seen 
on  outside  view).  This 
packing  is  adjusted  alto- 
gether independently  of 
lower  Packing  (9).  Both 
adjustments  are  positive, 
the  packing  is  held  se- 
curely, practically  inde- 
structible, cannot  be 
blown  out. 


J  ''II 


n 


Inside  view,  open 


Outside  view,  closed 


When  valve  is  wide 
open,  the  plunger  strikes 
collar  (7);  when  valve  is 
closed  the  plunger  strikes 
the  projection  (4)  at  out- 
let on  the  bottom.  These 
limit  positively  the  travel 
of  plunger  either  way. 
The  plunger  is  always  in 
sight;  you  can  always  see 
if  the  valve  is  open,  part- 
ly open  or  closed. 

When  open,  the  passage 
I  hrough  the  valve  is  as 
clear  and  as  easy  as 
through  a  regular  ell; 
little  friction,  no  obstruc- 
tions, no  pockets;  scale 
cannot  accumulate; 
nothing  to  wear  or  to  get 
out  of  order. 

No  stem  packing  re- 
quired. No  gasket  be- 
tween the  yoke  and  body 
of  valve,  because  packing 
(13)  prevents  leakage 
there. 

No  seats.    No  discs. 

Wire  drawing  impos- 
sible. 

The  plunger,  when 
closed,  presents  a  bronze 
face  to  the  fluid  and  scale 
it  holds  back.  The  slight 
V,  I'.ir  at  this  point  does  no 
li.irm,  because  the  pack- 
ing both  above  and  below 
the  inlet  holds  tight  the 
fluid.  When  open  the 
velocity  is  directed 
against  the  curved  end 
of  the  plunger,  which  it 
cannot  damage. 


Nelson  Valve  Company 


New  York 
30  Church  St. 
San  Francisco 

22  Battery  St. 


Philadelphia 


Pittsburgh 
.517  Liberty  Ave. 


Minneapolis 
622  Andrus  Bldg 


Butte 
50  E.  Broadway 


Chicago 
17  West  Kinzie  St. 
Montreal 
12-14  University  St. 
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Richardson  Automatic  Scales 

TO    CHECK    COAL    RECEIVED 

AND  

AMOUNT   FED   TO  THE    BOILERS 

Are  you  satisfied  that  all  the  coal 
paid  for  is  received? 

Are  you  resorting  to  the  most  reli- 
able method  to  ascertain  this  informa- 
tion? 

RICHARDSON  offers  a  machine 
which  will  automatically  weigh  and 
record  every  pound  of  coal  passing 
over  it. 

It  will  obviate  a  possible  5%  short- 
weight  on  your  coal  bills  per  annum. 
P'igure  then  what  such  a  saving  means. 

If  you  check  incoming  coal  on  a 
multiple  lever  track  scale  your  weights 
are  only  approximately  correct.  By 
the  use  of  a 

Richardson 
Automatic   Coal   Scale 

of  the  equal  arm  beam  principle,  your  weights  will  be  absolutely  correct.  It's 
bound  to  be  so,  balance  seen  on  every  load,  since  200  lbs.  of  coal  in  the  weigh 
hopper  will  exactly  balance  a  like  amount  of  U.  S.  Standard  '(tested)  dead 
weights  in  weight  box. 

Made  in  capacity  of  from'l  ton  to  500  tons  hourly. 

WHY  THEN  ACCEPT  SHIPPERS'  WEIGHTS  UNCHECKED;? 


WOULDN'T  IT  HELP  YOU  TO  KNOW 
EXACTLY  HOW  MUCH  COAL  ANY 
BOILER  WAS  CONSUMING  ON 
EACH  SHIFT? 

If  you  have  hand  firing,  the  knowledge  would  enable 
you  to  detect  any  wastage  on  the  part  of  the  firemen 
— if  your  stokers  are  mechanical,  this  information 
would  indicate  the  efficiency  of  your  boilers. 

The  Richardson 
Automatic  Electric  Coal  Scale 

will  give  you  this  record. 

Absolutely  dependable.  Nothing  to  get  out  of  order. 
Can't  be  stopped  by  lumps  of  coal  or  foreign  mattei 
Easy  to  install.    Acme  of  simplicity. 

We  also  make  Automatic  Gravity  Operated  Boiler  Scales  of  similar 
type  to  Receiving  Scale  above  illustrated  in  small  sizes. 

RICHARDSON  SCALE  COMPANY 


79  West  Monroe  St.,  Chicago 


13  Park  Row,  New  York 


Oliver  Building,  Boston,  Mass, 
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Nash  Gas  Engines 

Operating  on  Producer 
Gas  furnish  the  most  Eco- 
nomical power  obtainable. 

Preferred  forall  reliable 
power  requirements.  Ex- 
ceedingly close  regulation 
combined  withgreatecon- 
om   . 

Operate  on  Gas,  Gaso- 
line, Producer  Gas,  etc. 
Sizes  6  to  425  H.P. 

S(  till  Jar   ( 'iilnhxi III 
Makvr^  oj  Ihv  irorld  ftiniiiiis  \Vitl<r   Meters   Cmirn.   Kvijii i(\    Xash,  (hin.    i'rennir 

NATIONAL   METER    COMPANY 

Es,abl.hed  84     CHAMBERS     STREET,     NEW     YORK       John  C.  Kelley. 

Chicago        Boston        Pittsburg       San  Francisco        Cincinnati        Los  Angeles 


IMMUNE    TO   the    evils    of    EXPANSION 


^ 
^ 


^mY 


HAS 


PROVED 


% 


ITS 


H-   SUPERIOR  COMPARATIVE  MERITS 

^^^  FOR 

^S        BOILER  BLOW-OFF.  ETC. 

BECAUSE   IT 

meets  requirements  perfectly 
without    repairs    or    complaint 

SPECIFIED  AND  USED  BY  L^oS  p^^SIJU 

JOHN  SIMMONS  CO.,  no  centre  st..  New  York,  N.Y. 
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SUPREMACY 

IN  THE  REFRIGERATING  MACHINERY  FIELD 

The  latest  authoritative  publication  of  statistics  gives  82,348  tons  as  the 
gross  daily  refrigerating  capacity  of  all  the  De  La  Vergne  Ice-Making  and 
Refrigerating  Machines  in  the  United  States. 

This  is  more  than  16,000  tons,  or  almost  exactly  25  per  cent.,  in  excess  of  the 
next  largest  gross  capacity  listed. 

These  figures  are  conclusive  proof  of  De  La  Vergne  supremacy  in  this  field. 

This  supremacy  is  the  natural  result  of  De  La  Vergne  quality;  for  "quality," 
as  we  use  the  term,  st.ands  for  a  fair  first  cost,  low  operating  and  mainte- 
nance cost,  large  capacity  and  continued  satisfaction  to  the  user. 

When  you  buy  De  La  Vergne  Machines,  you  are  following  the  precedent  estab- 
lished by  the  vast  majority  of  discriminating  buyers  who  know  by  experi- 
ence where  to  get  the  best  value  per  dollar  expended. 


GAS  ENGINES 


OIL  ENGINES 


1123 

East   138th 

Street 


DE  LA  VERGNE 

MACHINE  COMPANY 


NEW  YORK 

CITY, 
NEW  YORK 


BLUE  PRINTS  are  often  desired  on 
short  notice  for  some  special  reason. 
The  enoineer  depending  upon  sun  print 
frames  is  courting  disappointments. 

With  the  BUCKEYE  ELECTRIC 
BLUE  PRINTING  MACHINE,  perfect 
prints  can  be  made  at  all  times,  day  or 
night,  without  delay  or  trouble  and  at 
less  expense  than  by  any  other  method. 

This  is  owing  to  the  simplicity  of  de- 
sign, plus  thoroughness  of  construction 
which  make  it  fool  proof  and  durable. 


Write  for  Catalog  "The  Sun  Thai  Never  Sets" 


BUCKEYE  ENGINE  CO. 

S.\LEM,  OHIO 


13 


Just  a  few  Minutes 

spent  in  reg'rinding  tKese  valves 
xnaKes     tHem     as     good     as     i\cw. 

L/unKenHeimer 

R.e grinding  Valves 

require  no  extra  parts  when  the  seating  faces  are 
worn.  They  can  be  reground  quite  a  number  of  times 
with  very  little  trouble  and  without  necessitating 
their  removal  from  the  connecting  pipe.  The  valves 
can  be  packed  under  pressure  when  wide  open  and  the 
areas  throughout  the  bodies  aie  largely  in  excess  of 
the  nominal  diameter  of  the  connecting  pipe,  the 
bronze  used  contains  a  high  percentage  of  copper  and 
tin  and  the  workmanship  is  of  the  highest  grade. 
Lunkenheimer  Regrinding  Valves  are  made  in  two 
weights,  medium  and  extra  heavy  patterns  and  are 
guaranteed  for  working  pressures  up  to  200  and  300 
pounds  respectively. 

"MOST  supply  houses  sell  them,  yours  CAN— if  they  DONT  or  WONT  —  tell  US." 
Write  for  Catalogue. 

The    LvinKeiilieiiner    Company 

Largest  Maaufacturers  of  High  Grade  Engineering  Specialties  in  the  World. 
General  Offices  and  Works,  CINCINNATI,   OHIO,  U.  S.  A. 

NEW  YORK,  CHICAGO,  LONDON,  S.  E.  BOSTON 

64-58  Fulton  St.  186  North  Dearborn  St.  35  Great  Dover  St.  138  High  St. 

NEW  ORLEANS,    Tulane  Newcomb  Bldg. 


44 


Conservative   Design" 


has   made  thousands  of  satisfied   customers  and 
has  been  a  large  factor  in  gaining  for 

Allis-Chalmers  Electrical  Machinery 

its    enviable    reputation    as   the  best   electrical 
machinery  that  can  be  made 

WRITE  FOR  BULLETINS 

Allis  -  CKaln\ers    Cotnpaivy 

Oeneral  Offices  :;  Mil'wauKee,  AVisconsin 

Offices  in  all  Principal  Cities 
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ECONOMY  IS  WEALTH 

STEAM  means  coal;  coal  costs  money;  if  you  would 
save  both  and  secure  the  maximum  of  power  at  a 
minimum  cost,  purchase  and  install  one  of  our  latest 
High  Speed  Corliss  engines  equipped  with  the  "Franklin" 
(patent)  Horizontal  Gravity  Latch-releasing  valve  gear. 
Highest  attainable  economy  and  close  regulation  guaran- 
teed. Rotative  speed  150  to  200  revolutions  per  minute. 
Direct  connected  or  belted  types,  either  simple  or  com- 
pound. 

Send  for  descriptive  catalogue 

HEWES  &  PHILLIPS  IRON  WORKS 

NEWARK,  N.  J. 


Two  features  have  always  distinguished 

Ridgway  Units 

High   Mechanical  Efficiency 

and  Low  Steam  Consumption 

We  have  interesting  reading  which  is  yours  for  the  asking — Collection  H 

RIDGWAY  DYNAMO  AND  ENGINE  CO. 

RIDGWAY,  PENNA. 


HEINE   v^ftl^E"   BOILERS 

and 

SUPERHEATERS 

In  units  of  from  50  to  600  H.  P. 

Heine  Safety  Boiler  Co.,  St.  Louis,  Mo. 

BRANCH    OFFICES 
Boston     New  York     Philadelphia     Pittsburgh     Chicago     Cincinnati       New  Orleans 

BRISTOL'S 

PORTABLE  RECORDING 

VOLTMETERS 

as  illustruteil  herewith  have  proved  i)articiUarly 
pnictical  in  extonsive  use  because  of  their  sim- 
plieity  and  durability  and  are  catalogued  in 
44-page  illustrated  Bulletin  No.  131. 

See  also  new  64-page  illustrated  Bulletin  No. 
KiO  which  is  a  condensed  general  catalogue  of 
15ristol  Instruments  for  pressure,  temperature 
and  electricity. 

THE    BRISTOL  CO.,   waterbury,  Connecticut 


Massachusetts    Standard    Quality 

BOILERS 

Return  Tubular  Internally  Fired  Upright  and  Water  Tube 

PLATE  WORK  OF  EVERY    DESCRIPTION 

ROBB  ENGINEERING  CO.  Ltd. 

Waverly  St.,  South   Framingham,   Mass. 


Specify      All    Radiator  Valves  to   be   genuine 

Jenkins  Bros,    r"*":  °'fr°u"" 

Trade     Mark 

Specifying  these  valves,  and  then  insisting  that 
your  contractor  installs  just  what  is  called  for,  will 
secure  for  you  the  heaviest  radiator  valves  made. 
Highest  grade  metal  and  workmanship.  Full  open- 
ing. All  parts  renewable.  Can  be  packed  under 
pressure. 

JENKINS         BROS.  new  YORK  boston  PHILADELPHIA  CHICAGO 


IC) 


SCOTCH  BOILERS    DRY  AND  WATERBACK 


ALSO 

IMPROVED  MANNING 
VERTICAL   BOILERS 

AND 

SPECIAL   BOILERS 
FOR  STEAM  HEATING 


KINGSFORD  FOUNDRY  &  MACHINE  WORKS,    oswego,  n.y. 


The  Excellent  Economy  of 
HAMILTON    CORLISS     ENGINES 

is  possible  by  their 
small  volumetric 
clearance,  high  me- 
chanical efficiency 
and  fine  workman- 
ship. 
Send  for  Bulletin   F 

THE  HOOVEN,  OWENS,  RENTSCHLER  CO. 


Hamilton,  Ohio 


THE  BABCOCK  &  WILCOX  COMPANY 

85  UBERTY  STREET,  NEW  YORK 

Water  Tube  Steam  Boilers 


STEAM  SUPERHEATERS 


MECHANICAL  STOKERS 


Works:   BARBERTON,  OHIO     BAYONNE,  N.  J. 


BOSTON,  36  Federal  St 

PITTSBURGH,  Farmers  Deposit  Bank  BIdg 

SALT  LAKE  CITY,  313  Atlas  Block 

CLEVELAND,  New  England  BIdg 

LOS  AN'GF.LES,  American  Bank  BIdg. 


BRANCH   OFFICES 
PHILADELPHIA,  North  American  BIdg. 
NEW  ORLEANS,  Shubert  Arcade. 
CHICAGO,   Marquette  BIdg 
PORTLAND,  ORE.,  Wells-Fargo  BIdg. 
SEAn-LE,  Mutual  Life  BIdg 


SAN  FRANCISCO,  99  First  Street 
DENVER,  435  Seventeenth  Street 
ATLANTA,  Candler  BIdg. 
HAVANA.  CUBA,  116}  Calle  de  la  Habau 
CINCINNATI,  Traction  BIdg. 


American=Ball  An^le 
Compound  Engine 

Perfect  balance;  no  vibration;  uniform  torque;  good 
steam  economy;  twice  as  much  power  on  the  same 
floor  space.  These  points  fully  described  in  our  book, 
"The  Modern  High  Speed  Automatic  Engine."    Write 

for  a  copy. 

American  Engine  Company 

42  Raritan  Ave.,  Bound  Brook,  N.J, 
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WE   SPECIALIZE 

We  concentrate  our  entire  attention  on  valves  and  hy- 
drants and  do  not  have  a  line  of  miscellaneous  sundries 
such  as  fittings,  boiler  trimmings,  etc.,  to  divide  our 
interests.     Thus  we  can  give  valves  particular  attention. 

The  result  of  this  concentrated  effort  is  shown  in  Ken- 
nedy Valves — it  shows  in  their  design,  workmanship 
and  finish. 

THE  KENNEDY  VALVE  MFG.  CO. 

Main  Office  and  Works.   1028  E.  Water  St..  ELMIRA.  N.  Y. 
Branch  Office  and  Warehouse.  45  Beekman  St.,  NEW  YORK  CITY. 
Agencies,  666  Western  Union  Bldg,,  Chicago.  111. 

600  Bessemer  Bldg.,  Pittsburg,  Pa. 

262  Market  St.,  San  Francisco,  Cal. 


Standard    Bearings 

solve 
bearing    problems 

standard  Roller  Bearing  Company 
Philadelphia 


GAS  POWER 

Papers  read  before 
The  American  Society  of  Mechanical  Engineers 

Price  List 
1100     Producer  Gas  Tests  of  U.  S.  Geological  Testing  Plant, 

R.  H.  Fernald $0.30 

1126     Producer  Gas  Power  Plant,  J.  R.  Bibbins 20 

1133     On  the  Evolution  of  Gas  Power,  F.  E.  Junge 50 

1166     Duty  Test  on  Gas  Power  Plant,  J.  R.  Bibbins 40 

1205     Loss  of  Fuel  Weight  in  a  Freshly  Charged  Producer, 

N.  T.  Harrington 10 

1238  Marine  Producer  Gas  Power,  C.  L.  Straub 20 

1239  Operation  of  a  Small  Producer  Gas  Power  Plant,  C.  W. 

Obert 10 

1264     Bituminous  Gas  Producers,  J.  R.  Bibbins, 20 

1281     Some  Operating  Experiences  with  a  Blast  Furnace  Gas 

Power  Plant,  H.  J.  Frcyn 1 .20 

Notes  on  a  Heavy  Duty  Gas  Producer,  Nisbet  Latta .      .  10 

Set  complete,  $3.00  Members'  rates  are  half  price  d»q    on 

Address  Calvin  W.  Rice,  Secretary,  29  W.  39th  St.,  New  York. 
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simplex  not  Duplex 
"To  be  simple 
id  to  be  great" 


Steam  and  Power  Pumping  Machinery 

For  every  service 

American  Compound  Pumps  work- 
ing on  J']levulor  or  Water  Works 
service  have  shown  a  very  low  steam 
consumption  and  a  minimum  main- 
tenance cost. 

They  have  been  found  reliable 
and  ready  to  work  with  the 
Governor. 

Our  No.  18  Catalogue  goes  into  details. 


Compound  Packed  Plunger  Pump. 

American  Steam  Pump  Company, 


Battle  Creek,  Mich. 
U.  S.   A. 


GOULD'S 

CENTRIFUGAL 
PUIVIPS 

All  capacities  for  all 
classes  of  service. 

Send  for  bulletin. 
THE   GOULDS    MFG.  CO 

78  West  Falls  Street,  Seneca  Falt.s,  N.  Y 

16  Murray  St.  58  Pearl  St 

New  York  Boston 

Branches  in  all  large  cities 


CENTRIFUGAL 
PUMPING  MACHINERY 

Of  all  Descriptions 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,   N.  Y. 

HENION  &HUBBELL,  Agents,  61-69  N.  Jefferson 

Street,  Chicago,  III. 

H.  A.  PAINE,  Agent,  Houston,  Tex. 
New  York  Office,  139-41  Cortlandt  Street 


VENTURI  METERS 


are    now  measuring    the    total  venturi  meter  tube 

water    supplied    to    more    than    a    thousand    cities    and    towns 

throughout   the   world. 

There  is  absolutely  NO  MECHANISM  in  the  METER  TUBE. 

We  make  a  SPECIAL  STUDY  of  each  proposed  installation. 

DLSCRIPTIVE  BULLETINS  UPON  REQUEST 

BUILDERS    IRON   FOUNDRY,  providence,  r.  i. 
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MEAD 'MORRISON 

MANUFACTURING  COMPANY 


THE  McCaslin  Noiseless 
Overlapping  Gravity  Bucket 
Conveyor  is  the  superior  of 
any  similar  device  offered  today  for 
the  conveying  of  Coal,  Ashes,  Hot 
Clinker,  etc.,  in  Power  Station  or 
Cement  Mill  Service. 

A  list  of  Power  Stations  and 
Cement  Mills  using  the  McCaslin 
Conveyor  includes  many  of  the 
largest  and  most  modern  in  the 
world. 

Works  and  Main  Office:  CAMBRIDGE,  MASS. 


NEW  YORK 
149  Broadway 


CHICAGO  BALTIMORE 

Monadnock  Block        903  Maryland  Trust  Bldg. 


PITTSBURG  SAN  FRANCISCO 

108  Parkway,  N.  S.         Metropolis  Bank  Bldg. 

MONTREAL,  286  St.  James  Street 


Potomac  Electric 
Power  Company, 
Bennings,  D.  C. 

This  Power  House  is 
equipped  with  two 
McCaslin  Conveyors 
for  handling  coal  and 
ashes. 


NEW  ORLEANS 
110  N.  Peters  St. 
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ilcsigued  and  machined, 
seat  ins;  unnecessary. 


Jeffrey 

Power  Transmission 

Machinery 


Jeffrey  Improved  Iron   Split    Pulley 

witli  iiit('i'chan<2;eal)le  bushings. 

This   puUey   being  spHt   is    quickly 
mounted  on  shaft  without  interference 
to  other  equipment.      It  is  perfectly 
Clamp  hub  and  set  screws  make  key- 


Economical  Transmission  equipments  for  severe  service. 
Also  manufacturers  of  Elevators,  Conveyers,  Screens, 
Crushers,    Coal    and    Ashes    Handling    Machinery,    etc. 

Send  for  Catalogs  on   Subjects  of  interest 

JEFFREY  MFQ.  CO.,      Columbus,  Ohio 


The  Life  Of  The  Belt 
Depends  Upon  The  Cover 


Goodrich 
Conveyor 
Belts 


After  the  rubber  cover  is  worn  out  there  is  very  httle  wear  left  in  the  rest  of  the 
belt  if  the  material  is  of  an  abrasive  nature. 

The  cover  on  carrying  side  gets  the  brunt  of  this  wear  and 
therefore  must  be  of  the  best  quality  for  the  purpose. 

The  thickness  of  cover  should  be  in  proportion  to  the  abrasive 
nature  of  the  material,  the  length  of  the  conveyor  and  the  life 
desired. 

Sometimes  it  must  be  made  thick  to  resist  the  blows  of  heavy 
lumps. 
Hut  the  back  cover  must  also  protect  the  fabric  from  the  line  particles  that  get 
between  the  belt  and  pulleys.     If  it  is  not   protected,  moisture  will  get  in  and  cause 
the  fabric  to  rot. 

One  of  the  reasons  for  the  long  life  of  Goodrich  Conveyor  Belts  is  because  the 
[)rotective  quality  of  the  entire  cover  is  so  well  looked  after. 
Let  us  quote  you  on  a  belt  to  meet  your  conditions. 


The  B.F.Goodrich  Company 


Akron,  Ohio,  U.  S.  A. 


TRADE   MARK 
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HJREEDY 


THE  H  •  l«KH  H  I   1 V  j^^^^"^^^ 


kTRUST 


CINCINNATI.  O. 

ELEVATORS 

EVERY  TYPE 


THE  A.  &,  F.  BROWN  CO. 

ENGINEERS,     FOUNDERS,     MACHINISTS 


AND     MILLWRIGHTS  ll"'^'^^^t^ 

!^  POWER     TRANSMISSION         i^^^^^^ 

Wy>B3^  MACHINERY  1\^^ 


DESIGNED,    FURNISHED   AND    ERECTED       ^ VB  «S 
SPECIAL     MACHINERY  ^^^5^^ 

Fuctloii  Clutch  Pulleys  IRON     CASTINGS  Gears  of  all  kinds 

and  Couplings  and  sizes 

WORKS:    ELIZABETHPORT  SALES    ROOM;   172   FULTON   ST., 

NEW  JERSEY  NEW  YORK  CITY 

Conveyors 

Papers  read  before 
The  American  Society  of  Mechanical  Engineers 

List 
No.  Price 

430  Hydraulic  Hoisting  Plant  for  Pier  of  Brooklyn  Sugar 

Refining  Co.,  Engel ' $   .  20 

544  Haulage  by  Horses,  Briggs 40 

1090  Measuring  and  Mixing  of  Crushed  Materials,  Trump. .      .20 

1190  Hoisting  and  Conveying  Machinery,  Titcomb 20 

1191  Continuous  Conveying  of  Materials,  Peck 20 

1192  The  Belt  Conveyor,  Baldwin 20 

1193  Conveying  Machinery  in  a  Cement  Plant,  Tomlinson.      .  10 

1194  Performance  of  Belt  Conveyors,  Haddock 10 

1195  Discussion  on  1190,  1191,  1192,  1193,  1194 30 

1234  A  Unique  Belt  Conveyor,  Soper, 10 

1235  Automatic  Feeders  for  Handling  Material,  Baldwin, .  .      .  10 

2.10 

Price  per  set,  $2.00  (Members'  rates  are  half  the  list  price) 

Address,  Calvin  W.  Rice,  Secretary,  29  W.  39th  Street,  New  York 


,\  !  tnn  Triplex  Block,  hung  from  a  trolley 
uhicli  runs  on  a  jib  crane  and  used  for  hand- 
ling heavy  parts  in  a  machine  shop. 


CTHE  TRIPLEX  BLOCK^ 

You  cannot  afford 
to  serve  tools  by 
hand. 

A  Triplex  Block,  mounted  as  shown 
ill  the  picture,  will  pay  for  itself  over 
ind  over  again,  just  in  saving  time 
and  labor. 

And  it  will  do  its  work  ten  years  after, 
just  as  well  as  the  day  you  bought  it. 

It  is  the  foremost  hand-lifting  device 
in  the  world — strong — safe  —  smooth- 
running — unbreakable. 

Make  your  very  next  labor-saving 
investment  a  Triplex  Block. 

Write  for  the  Book  of  Hoists. 

The  Yale  &  Towne  Mfg.  Co. 

9  Murray  Street, 
NewYork,  U.S.A. 


The  Makers  of 
Yale  Products 


(lYALg) 


THE 

STANDARD 

WIRE 

ROPE 
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ALLIANCE  CRANES  AllTypes 

Also  Rolling 
Mill  and 
H  y  d  r  a  u  1  i  c 
Machinery, 
Steam  Ham- 
mers, Punches  and  Shears,  Scale  Cars,  Copper 
Converting  Machinery,  etc. 


THE  ALLIANCE  MACHINE  CO. 


ALLIANCE,  OHIO 


Pitt*ur2  Office,   Frirk  BiiiMiiio; 


liirminsham  Office,  Woodward  Building 


ELtCTRIC   TRAVELERS 
All  Tvoes  for   Every   Service 


COMPLETE  EQUIPMENT 

AND  Cranes  of  All  Kinds  for 
(JREY  IRON,  STEEL  AND  MALLEABLE 

FOUNDRY  PLANTS 

Buildings  designed  and  furnished.  Equip- 
ment installed  and  operated.  Plant 
delivered   to    purchasers   ready  to    run. 

WHITING  FOINDRY  EQIIPMENTCO. 

Manufacturers,  Engineers,  Designers 
HARVEY,  ILL.  (Chicago  suburb) 


Safely  to  Employees  given  Esjiecud 


Curii<id<:raiiuii  in  All  Otir  Designs 


ICRANESl 

NORTHERN  ENGINEERING  WORKS, ^j^Tck"' 


You    get    the    acme    of    Crane 
quality     when    you      purchase 


CLYDE  Hoisting  Engines 

—  EMBODY  — 
Steel  Gears  and  Ratchets,  Bronze  Bushed  Drums, 
Large  Shahs  and   Bearings,   Positive  Frictions, 
Large  Boilers  and  other  Important  Features 

Send  for  Descriptive  Catalog 

CLYDE  IRON  WORKS 

DULUTH,   MINN. 

CHICAGO,  ILL.,  318-ig    FISHER    BLDO. 
NEW  YORK         NEW  ORLEANS  SAVANNAH  HOUSTON,   TEXAS 

.30  Church       421  Caroiidelet     501  Germania  1415  Carter 

Street  Street  Bank  Bldn.  Bldg. 
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MACM  INE   SHOP   EQUIPMENT 


MACHINE    SHOP    EQUIPMENT 


THE  ALLEN  MFG.  CO.   Inc. 

HARTFORD,  CONN. 
Allen  Patent  Safety  Set  Screws.     Made  from  hi}?h-test  steel  bars  niid 
warranted  fully  as  stron<?  as  the  besL  projecting  screw  made,  besides  elimi- 
natinji"  danjier  on  rotiitinj?  shafts.      Ask  _\  our  tlealer  for  them. 


SAFETY 
SET  SCREW 


BUTTERFTELD  &  CO. 

Derhy  Line,  Vt.         New  York,  126  Chambers  St.         Rock  Island,  P.  Q, 
Manufacturers   of  Taps,    Dies,    Screw   Plates,    Stocks   and    Dies,   Tap 
Wrenches,  and  all  Thread  Cutting  Tools.     Our  goods  are  not  surpassed  by 
any  in  the  world. 


TAPS 
AND 
DIES 


THE  CARBORUNDUM  COMPANY 

NIAGARA  FALLS,  N.  Y. 
Sole  manufacturers  in  America  of  Carboruiulum,  the  hardest,  sharpest,  quickest 
cutting  and  most  uniformly  perfect  abrasive  inMtorial  known.  The  Carborundum  pro- 
ducts include:  Cirinding:  Wheels  for  every  possjiile  f,'rin(linfr  need,  Sharpeninfr  Stones, 
Oil  Stones,  Rubbing  Bricks,  Carborundum  Taper  and  Cloth,  Valve  Grinding  Compound, 
Carborundum  Grains  and  Powders,  and  Garnet  Paper. 


CARBORUNDUM 
PRODUCTS 


THE   J.   M.    CARPENTER  TAP  &  DIE  CO. 

PAWTUCKET,  R.  I. 
Carpenter's  Tools  for  cutting  Screw  Threads,  Taps,  Dies,  Screw  Plates, 
Dies  and  Stocks,  Tap  Wrenches,  etc.,  have  been  38  years  on  the  market 
and  38  years  in  the  lead. 


TAPS 

and 

DIES 


CINCINNATI  GEAR  CUTTING  MACHINE  CO. 
CINCINNATI,  O. 

Our    Automatic    Spur  Gear  Cutting  Machines  exceed  in    power   and 
capacity  and  equal  in  accuracy  any  machines  of  their  type  made. 


GEAR 

CUTTING 

MACHINES 


THE    CINCINNATI    SHAPER    CO. 

CINCINNATI,  O. 
We   manufacture  the   most  complete  line  of  Shapers  made,  including 
Plain  Crank,  Back  Geared  Crank,  Geared  Rack,  Open  Side  and  Traverse 
Shapers,  as  well  as  Crank  Planers. 


SHAPING 
MACHINES 


THE  FELLOWS  GEAR  SHAPER  CO. 

SPRINGFIELD,  VT. 

The  Gear  Shaper  cuts  the  smoothest  gears  in  use,  because  the  cutter  is  a  theoreti- 
cally correct  generating  tool  and  is  ground  after  being  hardened.  It  is  also  the 
fastest  machine  on  the  market  by  25  to  50%.     Literature  gives  reasons  in  detail. 


GEAR 
SHAPERS 


MACHINE  SHOP  EQUIPMENT 


MILLING 
MACHINES 


THE  GARVIN  MACHINE  COMPANY 


137   Varick  St. 


NEW  YORK  CITY 


Manufacturers  of  a  complete  line  of  Plain  and  Universal  Milling:  Machines,  Screw 
Machines,  Monitor  Lathes,  Tapping  Machines,  Duplex  Drill  Lathes,  Speed  Lathes,  Cut- 
ter Grinders,  Automatic  Chucks,  etc. 


AIR 

COMPRESSORS 

AIR  TOOLS 

AND    HOISTS 


INGERSOLL-llAND    COMPANY 


11  Broadway 


NEW  YORK 


Air  Compressors,  twenty  standard  types,  capacity  a  to  8000  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor 
Hoists,  capacity  J  to  5  tons. 


TURRET 
LATHES 


JONES  &  LAMSON  MACHINE  CO. 

SPRINGFIELD,  VT. 

Manufacturers  of  the  Hartness  Flat  Turret  Lathe;  made  in  two  sizes 
for  both  bar  and  chuck  work. 


HEAVY  DUTY 

BORING 

MILLS 


LATHES 

MILLING 

MACHINES 


THE  KING  MACHINE  TOOL  CO. 

CINCINNATI,  O. 
Vertical  Turret  Machines,  28"  and  34".     Vertical  Boring  and  Turning 
Machines,  42"  to  84",  inclusive. 


THE  R.  K.  LE  BLOND  MACHINE  TOOL  CO. 

CINCINNATI,    OHIO. 

We  manufacture  a  complete  line  of  Heavy  Duty  Lathes  and  Milling  Machines. 
They  are  scientifically  designed,  so  the  power  is  limited  only  by  the  strength  of  the 
cutting  tool.     It  will  pay  you  to  investigate  our  machines.     Catalogue  upon  request. 


MACHINE 
TOOLS 

ENGINEERING 
SPECIALTIES 


PINIONS 

AND 

GEARS 


MANNING,  MAXWELL  &  MOORE,    Inc. 

SINGER  BUILDING,  NFIW  YORK 
Are  the  largest  and  best  known  distributors  of  Machine  Tools  in  the 
world    and    carry  in  stock  the  product   of  the  foremost  designers  of  the 
many  branches  of  machine  tool  building  in  the  United  States. 


THE  NEW 


PROCESS  RAW 

SYRACUSE,  N.  Y. 


HIDE  CO. 


Manufacturers  of  New  Process  Noiseless  Pinions  and  also  of  accurately 
cut  Metal  Gears  of  aU  kinds. 


PRECISION 
BENCH 
LATHES 


WALTHAM  MACHINE  WORKS 

WALTHAM,  MASS. 

Our  Bench  Lathes  swing  8",  will  take  |"  rod  through  the  chuck  and  the  workman- 
ship is  of  the  highest  watch  machine  sbindard.  It  is  a  necessity  in  the  modern  tool 
room.  Catalog  for  those  interested.  Also  makers  of  Automatic  Precision  Bench 
Machinery. 
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MACHINE  SHOP   EQUIPMENT 


THE  warnp:r  cV  s\vasey  company 

CLEVELAND,  OHIO 
BRANCH  OFFICES:  NKW  YORK  CHICAGO  DETROIT 

Wo  otter  ;i  most  complete  line  of  hiRli-gradc  Turret  I.atlies  for  producing  work 
accurately,  rapidly  and  economically.  Our  cat^ilog,  whicli  describes  these  machines 
fully,  will  be  mailed  on  request. 


WELLS  BROTHERS  COMPANY 

GREENFIELD,  MASS. 
We  make  and  sell  the  Little  Giant  line  of  Taps,   Dies,  Screw  Cutting 
Tools  and  Machinery. 


TURRET 
LATHES 


TAPS  AND 
DIES 


STEAM  ENGINES  AND  BOILERS 


ALMY  AYATER  TUBE  BOILER  CO. 

PROVIDENCE,   R.  I. 

Manufacturers  of  Almy  Patent  Sectional  Water  Tube  Boilers  for  steamships, 
river  steamers,  both  propeller  and  stern  wheel,  torpedo  boats,  fire  boats,  launches. 
Donkey  Boilers  for  steamships  and  for  all  kinds  of  stationary  work. 


AMERICAN    ENGINE   CO. 

42  Raritax  Ave.  BOUND  BROOK,  N.  J. 

Builders  of  American  Ball  An^le  Compound  Engines.  Angle  com- 
pound, SO  to  1,000  h.  p.;  double  angle  compound,  160  to  2,000  h.  p.;  four 
cj'linder  triple,  120  to  1,600  h.  p. 


WATER    TUBE 
BOILERS 


ENGINES 


THE  BABCOCK  &  WILCOX  COMPANY 

85  Liberty  Street,  NEW  YORK 

Water  Tube  Steam  Boilers,  Steam  Superheaters,  Mechanical  Stokers. 


WATER  TUBE 
BOILERS 


BALL  ENGINE  COMPANY 

ERIE,  PA. 

Builders  of  Tall  Single  Valve  Automatic  and  Hiprh  Speed  Corliss  Engines  with 
non-detaching  valve  gear,  for  direct  connection,  or  belting  to  electric  generators. 


STEAM 
ENGINES 


BUCKEYE  ENGINE  CO. 

SALEM,  OHIO 
Builders  of  Steam  and  Gas  Engines;  high  in  duty,  superior  in  regu- 
lation.    Buckeye  Four-Stroke  Cycle  Gas  Engine,  single  and  double-acting, 
in  powers  from  50  to  6000  h.  p. 
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ENGINES 
STEAM  AND  GAS 


STEAM    ENGINES    AND    BOILERS 


STEAM 
BOILERS  AND 

ENGINES 
FEED-WATER 

HEATERS 


ERIE  CITY  IRON  WORKS 

ERIE,  PA. 

Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  bottom  portable, 
open  bottom  portable  and  vertical  tubular.  Enf^ines:  four  valve,  enclosed  high  speed, 
automatic,  center  crank,  side  crank,  portable.     Feed-Water  Heaters  from  25  to  600  h.p. 


HARRISBURG  FOUNDRY  &   MACHINE  WORKS 
STEAM  HARRISBURG,    TA. 

ENGINES  Manufafturers  of  Fleminn-Harrisbiir^- Horizontal  Engines,  Corliss  and 

I  Single  Valve,  Simple,  Tantlem  and  Cross  Compound. 


WATER 

TUBE 

BOILERS 


HEINE  SAFETY  IKHLER  CO. 

ST.  LOUIS,  MO. 

Heine  Water  Tube  Boilers  and  Superheaters,  manufactured  in  units  of 
from  30  to  600  H.  P..  will  materially  reduce  power  plant  expense. 


STEAM 
ENGINES 


HEWES  &  PHILLIPS  IRON  AYORKS 

NEWARK,  N.  J. 
Makers  of  improved  Patent,  Double  Port  Corliss  Engines,  Heavy  Duty 
or  Girder   Frame,   Simple  or  Compound,   having  our  new  Franklin  High- 
speed Liberating  Valve  Gear. 


ENGINES 
TURBINES 
CASTINGS 


THE  HOOVEN,  OWENS,  RENTSCHLER  CO. 

HAMILTON,  OHIO. 

Manufacturers  of  Hamilton  Corliss  Engines,  Hamilton  High  Speed 
Corliss  Engines,  Hamilton  Holzwarth  Steam  Turbines,  Special  Heavy 
Castings. 


BOILERS 


KINGSFORD  FOUNDRY  &  MACHINP:  WORKS 
OSWEGO,    NEW  YORK 

Scotch  Boilers,  Dry  and  Waterback;  also  Improved  Manning  Verti- 
cal Boilers,  and  Special  Boilers  for  Steam  Heating. 


STEAM   AND 

GAS  ENGINES 

GAS 

PRODUCERS 

STEAM 

TURBINES 


PROVIDENCE  ENGINEERING  WORKS 

PROVIDENCE,  R.  I. 
Rice   &    Sargent    Higher   Speed    Corliss    Engines,    Improved   Greene 
Engines,  Providence  Gas  Engines  and  Gas  Producers,  Providence  Steam 
Turbines,  Automobile  Motors  and  Parts,  Special  Machinery. 


ENGINES 
GENERATORS 


RIDGWAY  DYNAMO  AND  ENGINE  CO. 

RIDGWAY,  PA. 

Ridgway  t^ngines;  four-valve,  cross  compound,  belted,  single-valve, 
tandem  compound,  direct  connected.  Ridgway  Generators;  alternating 
current,  direct  current,  belted  and  engine  types. 
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STEAM   ENGINES  AND   BOILERS 


ROBB  ENGINEERING  CO.,  LTD. 

Wavcrly  St.,  SOUTH  FRAMINGHAM,  MASS 
181  State  St.,  BOSTON  90  West  St.,  NEW  YORK 

Robb-Brady   Internally    Firt-d   Boiler,   Watir    Tube,    Return  Tubular, 
and  other  types  of  boilers;  Smoke  Stacks,  Tanks,  etc. 


BOILERS 


THE  VILTER  MFG.   CO. 


1070-1088  Clinton  St. 


Establi.slied  1S(>7 


MILWAUKEE,  WIS. 


Builders  of  Corliss  Engines.  Girder  or  Heavy  Duty  Type  Bed  for  Belted  or  Direct- 
Connected  Service,  medium  or  high  speed.    Ice  and  Refrigeration  Machines. 


THE  WESTINGHOUSE  MACHINE  CO. 

EAST  PITTSBURG,  PA. 

Designers  and  builders  of  Steam  Turbines,  Steam  Engines,  Gas  En- 
gines, Gas  Producers,  Condensers  and  Mechanical  Stokers. 


ENGINES 

REFRIGERATING 
MACHINERY 


TURBINES 

ENGINES 

GAS 

PRODUCERS 

CONDENSERS 

STOKERS 


GAS  ENGINES  AND  GAS  PRODUCERS 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 

Builders  of  Gas  Engines  to  operate  on  producer  gas,  natural  gas  or 
furnace  gas,  capacities  from  300  to  3000  B.H.P. 


GAS 
ENGINES 


THE  BRUCE-MACBETH  ENGINE  CO. 

Successors  to  THE  BRUCE-MERIAM-ABBOTT  COMPANY 
2116   Centre  St.,  N.  W.     CLEVELAND,  O. 
Vertical  Gas  Engines,  Two  and  Four  Cylinders.     For  natural  or  pro- 
ducer gas.      15  to  300  H.  P.     Economy,  reliability  and  simplicity  unex- 
celled. 


GAS  ENGINES 

AND 

PRODUCERS 


BE  LA  VERGNE  MACHINE  COMPANY 

1123  E.  138th  St.  NEW  YORK  CITY 

Refrigerating  and  Ice  Making  Machinery,  5  to  600  tons  capacity;  Oil 
Engines  up  to  350  B.  H.  P.;  Gas  Engines  75  to  2400  B.  H.  P. 


REFRIGERATINQ 

and 

ICE    MAKING 

MACHINERY 

OIL   AND    GAS 

ENGINES 


AUGUST  MIETZ  IRON  FOUNDRY  &  MACHINE  WORKS 
123  MoTT  St.,  NEW  YORK 

Oil  Engines,  Mar'ne  and  Stationary,  2-400  h.p.,  150,000  h.p.  in  oper- 
ation. Direct  coupled  or  belted  to  Generators,  Air  Compressors,  Pumps, 
Hoists,  etc.,  etc. 
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OIL 
ENGINES 


GAS  ENGINES  AND   GAS   PRODUCERS 


GAS    ENGINES 

AND 

PRODUCERS 


NATIONAL  METER  COMPANY 

NEW  YORK  CHICAGO  BOSTON 

Nash  Gas  Engines  and  Producers  are  capable  of  running  at  their  rated 
load  for  ten  consecutive  hours  on  one  charge  of  fuel;  will  develop  a  B.  h,  p. 
hour  on  one  pound  of  coal;  are  reliable  because  they're  Nash. 


POWER  PLANT  AUXILIARIES  AND  SPECIALTIES 


INJECTORS 


AMERICAN  INJECTOR  COMPANY 

DETROIT,  MICH. 
U.  S.  Automatic  Injectors,  ?2jectors.  Jet  Pumps,  Drive  WellJet  Pumps, 
Exhaust  Injectors,  Fire  Plugs,  Grease  Cups,  Oil  Cups,  Oil  Pumps,  Water 
Gages,  Gage  Cocks,  lubricating  devices  and  other  steam  specialties. 


VALVES 

GAUGES 

INDICATORS 


AMERICAN  STEAM  GAUGE  AND  VALVE  MFG.  CO. 

BOSTON,  MASS.  Established  1851 

Presssure  and  Recordins  Gauges,  Eiiffine  Room  Clocks  and  Counters  for  all  pur- 
poses. Iron  and  Brass  Pop  Safety  and  Relief  Valves  for  stationary  niiirine  ;ind  loco- 
motive use.  The  American  Thompson  Improved  Indicator  with  new  improved  detent 
motion. 


VALVES 
GAGES 


THE  ASHTON  VALVE  CO. 

BOSTON  NEW  YORK  CHICAGO 

Makers  of  the  Ashton  Pop  Safety  Valves,  Water  Relief  Valves,  Blow 

Off  Valves,  Pressure  and  Vacuum  Gag-es.     All  of  a  superior  ((uality  and 

guaranteed  to  give  greatest  efficiency,  durability  and  perfect  satisfaction 


RECORDING 

GAUGES 

and 

INSTRUMENTS 


INJECTOR 
CONDENSOR 


THE  BRISTOL  COMPANY 

WATERBURY,  CONN. 

Bristol's  Recording  Pressure  and  Vacuum  Gauges.  Bristol's  Recording  Ther- 
mometers. The  Wm.  H.  Bristol  Electric  Pyrometers.  Bristol's  Recording  Voltmeters, 
Ammeters  and  Wattmeters.  Bristol's  Recording  Water  Level  Gauges.  Bristol's  Time 
Recorders  and  Bristol's  Patent  Steel  Belt  Lacing. 


HENRY  W.   BULKLEY 

ORANGE,  N.  J. 
The  Bulkley  Injector  Condensor  is  guaranteed  to  form  the  best  vacuuni 
by   head   of  water  or  by  supply   pump, 
enmnes. 


In   general   use  on   all  classes  of 


VALVES 


CHAPMAN  VALVE  MANUFACTURING  CO. 

INDIAN  ORCHARD,  MASS. 

BOSTON        NEW  YORK       ST.  LOUIS       PITTSBDRGH        CHICAGO       PHILADELPHIA       SAN  FRANCISCO 

Brass  and  Iron  Valves  for  steam,  water,  gas,  oil,  etc.     Sluice  Gates. 
Send  for  catalogue. 
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POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


CROSBY  STEAINI  GAGK  AND  VALVE  CO. 

BOSTON,  MASS. 

Sto.iiii,  (ias,  lUiliaiilir  Indicators;  Stationary,  Mariiu-.  Locomotive  Safety  Valves; 
Cia^'cs  for  all  purposes;  Kecordiiif;  Instruments;  Cliime  Wliistler;  Sislit  feed  Lubrioa- 
tors:  (Uobc  and  An^le  Valves.  Iron  and  Brass,  for  lii^di  pressures;  Blow-off  Valves;  Gage 
Testing'  Instruments;  Boiler  Testing  Instruments;  I'lanimeters  and  other  specialties. 


STEAM 
APPLIANCES 


DExVllBORN  DRUG  &  CHEMICAL  WORKS 

General  Offices  and  Laboratories:  McCormiek  Bldf?.,  CHICAGO 
Analyze  gallon  samples  of  boiler  waters,  and  furnish  reports  to  steam 
users,  fi^ratis.     Prepare  scientific  water  treatment  for  the  prevention  of  scale, 
corrosion,  pitting,  foaming,  and  all  troubles  caused  from  boiler  waters. 


BOILER 
WATER 

TREATMENT 
BOILER 

COMPOUND 


HOMESTEAD  VALVE  MANUFACTURING  COMPANY 

Works:     HOMESTEAD,  PA.  PITTSBURG,  PA. 

Manufacturers  of  "Homestead  Valves."  Straightway,  Three-way  and 
Four-way,  for  blow-off  or  for  highest  pressure  and  most  difficult  service  for 
water,  air  or  steam.     Valves  unlike  all  others. 


VALVES 


THE  HUGHSON  STEAM  SPECIALTY  CO. 

CHICAGO,  ILL. 

Mannfa<-tnrers  of  Regrulatinir  \'alves  for  all  ijressnres  and  for  steam,  air  and  water. 
The  best  and  only  aljsolutely  noiseless  Combination  Back  I'ressure  and  Relief  Valve. 
Pump  Kesnlators.  Separators,  Steam  Traps,  Automatic  .Stop  and  Check  \'alves.  Write 
for  complete  catalogue. 


VALVES 
STEAM  TRAPS 
SEPARATORS 
REGULATORS 


INGERSOLL-RAND    COMPANY 


11  Broadway 


NEW  YORK 


Air  Compressors,  twenty  standard  types,  capacity  8  to  8000  cu.  ft.  per  minute; 
"Crown"  and  '"Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor 
Hoists,  capacity  i  to  5  tons. 


AIR 

COMPRESSORS 

AIR  TOOLS 

AND    HOISTS 


JENKINS  BROS. 

NEW  YORK  BOSTON  PHILADELPHIA  CHICAGO 

Manufacturers  of  the  genuine  Jenkins  Bros.  Valves,  Jenkins  Discs, 
Jenkins  '96  Packing,  Jenkins  Bros.  Pump  Valves,  Jenkins  Gasket  Tubing. 
Sole  agents  for  Sellers'  Restarting  Injector.     Catalog  mailed  on  request. 


VALVES 

PACKING 

DISCS 


ROBERT  A.   KEASBEY  CO. 

100  N.  Moore  St.  NEW  YORK  CITY 

Telephone:  6097  Franklin. 

Heat  and  Cold  Insulating  Materials.     Headquarters  for  85%  Magnesia, 
Asbestos  and  Brine  Pipe  Coverings,  Asbestos  Products,  etc. 


MAGNESIA 
ASBESTOS 

AND 
BRINE  PIPE 
COVERINGS 


THE  KENNEDY  VAL\T.  MANUFACTURING  CO. 

ELMIRA,  \.  Y.  57  Beekman  St.,  NEW  YORK 

Manufacturers  of  Valves  for  various  purposes  and  pressures;  Hydrants; 
Indicator  Valves  for  Automatic  Sprinkler  Equipment. 


VALVES 
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POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


VALVES 

BLOW-OFF 

VALVES 

FIRE  HYDRANTS 


THE  LUDLOAV  VALVE  MFG.   CO. 

TROY,  N.  Y. 
Manufacturers   of  genuine    Ludlow   Gate   Valves    for   all 
Special  Blow-off  Valves.      Check  Valves.     Foot  Valves. 
Indicator  Posts.     Fire  Hydrants. 


purposes. 
Sluice  Gates. 


VALVES 

INJECTORS 

LUBRICATORS 

ETC. 


THE  LUNKENHEIMEll  COMPANY 

CINCINNATI,  OHIO 

Manufacturers  of  liif;h-p:rade  engineering  specialtiea,  comprising  Brass  and  Iron 
Valves,  Wliistles,  Cocks,  Ganges,  Injectors,  Lubricators,  Oil  rumps.  Oil  and  Cirease 
Cups,  etc.,  adapted  to  the  reciuiremeiits  of  all  classes  of  macliiiicry. 


AUTOMATIC 

BOILER 
FURNACES 


VALVES 


THE  MODEL  STOKER  CO. 

DAYTON,  O. 
The  Model  Automatic  Smokeless  Furnace.     The  only  automatic  fur- 
nace that  keeps  the  fire  clean.     Designed  by  experienced  skill,  and  is  a 
decided  advance  in  stoker  furnace  construction  and  in  operative  results. 


MONARCH  VALVE  &  MANUFACTURING    COMPANY 
39  CoRTLANDT  St. ,  NEW  YORK  SPRINGFIELD,  MASS. 

Manufacturers  of  Bronze  and  Iron  Bodied  Valves  for  various  pressures 
and  purposes. 


STEAM 
TRAPS 


MOUEHEAD    MANUFACTURING 

DETROIT,  MICH. 


CO. 


Return,  Non-Return  and  Vacuum  Steam  Traps.  The  Morehead  Tilting  Steam  Trap 
is  the  original  design  of  tiltitig  trap,  having  been  on  the  market  for  a  quarter  of  a  cen- 
tury. For  reliable  and  satisfactory  service  this  type  of  trap  recommends  itself.  Illus- 
trated descriptive  catalog  sent  on  request. 


AUTOMATIC 
FURNACE 


THE  MURPHY  IRON  WORKS 

DETROIT,  MICH. 

Founded  1878  Inc.   1904 

Builders  of  The  Murphy  Automatic  Furnace.     The  best  Automatic  Fur- 
nace that  thirty  years  practical  experience  can  produce. 


VALVES 


NELSON  VALVE  COMPANY 

PHILADELPHIA 
Gate,  Globe,  Angle  and  Check  Valves,  for  Water,  Saturated  or  Super- 
heated Steam  and  other  fluids,  for  any  pressure,  for  any  temperature;  also 
Blow-off  Valves.    Our  new  2i4-page  Valve  Catalogue  sent  free  on  request. 


INJECTORS 

EJECTORS 

LUBRICATORS 

GREASE  CUPS 

GAUGES 

VALVES 


THE  OHIO  INJECTOR  COMPANY 

WADSWORTH,  O. 

Manufacturers  of  Ohio  Locomotive  Injectors,  Garfield  Injectors  and  Electors, 
Ohio  Automatic  Injectors,  Chicago  Automatic  Injectors  and  Ejectors  Chicago  Sight- 
Feed  Lubricators  for  locomotive  and  stationary  service,  Gr«>ase  Cups  Oil  Cups,  Water 
Gauges.  Gauge  Cocks,  O.  I.  Co.  Valves,  etc. 
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POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


THE  PICKERING  GOVERNOR  CO. 

PORTLAND,  CONN. 
Governors    for  Steam    Engines,    Turbines,    Gas    Engines.      Mechanical 
Control,  Power  Regulation. 

See  our  Condensed  Catalogue  in  April  number  of  The  Journal. 


GOVERNORS 


rOWER  PLANT  SPECIALTY  COMPANY 

6io  MoNADNDCK  Blk.,  CHICAGO,  ILL. 

Manufacturers  of  the  Vater  Two  Stage  Separator,  Vater  Water  Soften- 
ing System,  Vater  Open  Feed  Water  Heater,  Monarch  Vacuum  Drain 
Trap,  Pressure  and  Gravity  Filters.      Correspondence  solicited. 


SEPARATORS 
FEED-WATER 

HEATERS 
SOFTENERS 


POWER  SPECIALTY  CO. 

Ill  Broadway  NEW  YORK 

The  Foster  Patent  Superheater,  saves  feed  water,  condensing  Airater, 
coal  and  boiler  power. 


SUPERHEATERS 


WM.  B.  SCAIFE  &  SONS  COMPANY 

221  FiBST  Ave.,  PITTSBURG.  PA. 

WE-FU-GO  and  SCAIFE  Water  Softening,  Purifying  and  Filtering 

Systems  for  boiler  feed  water  and  all  industrial  and  domestic   purposes 


WATER 
SOFTENING 
PURIFYING 

and 
FILTERING 
SYSTEMS 


SHERWOOD  MANUFACTURING  CO. 

BUFFALO,  N.  Y. 

Twenty-five  years  experience  manufacturing  the  Stierwood  Double  Tube  Injectors 
for  higli  duty;  Buffalo  Automatic  Injectors;  also  makers  of  the  Hart  Force  Feed  Oil 
Pump  for  Steam  Engines;  Buffalo  Force  Feed  Multiple  Oil  Pumps  for  Gas  and  Gaso- 
line Engines;  Oil  Cups,  etc.    Catalog  on  application. 


INJECTORS 

AND 
OIL    PUMPS 


JOHN  SIMMONS  COMPANY 

110  Centre  St.  NEW  YORK 

The  Rothchild  Rotary  Gate  Valve  is  the  only  Valve  made  that  will 
positively  hold  steam,  water,  ammonia,  gas,  air,  oil  or  other  fluids — hot 
or  cold,  without  any  adjustment,  repairs  or  replacing  of  parts. 


ROTARY 
GATE 
VALVE 


C.  J.   TAGLIABUE  MFG.   CO. 

396-398  BROADWAY  NEW  YORK,  N.  Y. 

Local  Sales  Offices  in  Chicago  and  San  Francisco 
Manufacturers  of  Instruments  for  Indicating,  Recording  and  Controlling  Tempera- 
ture and  Pressure.    Thermometers;  Automatic  Controllers;  Gages;  Oil  Testing  Instru- 
ments; Engineers  Testing  Sets,  Pyrometers,  Barometers,  Hygrometers,  Hydrometers,  etc. 
See  our  Condensed  Catalogue  in  April  number  of  The  Journal. 


INSTRUMENTS 


THE  TEXAS  COMPANY 

NEW  YORK  HOUSTON 

Lubricating  Oils  for  Power  Plants,  Central  Stations,  Machine  Shops, 


Foundries  and  all  general  purposes. 
the  highest  quality. 


All  classes  of  Petroleum  Products  of 

f 


LUBRICATING 
OILS 
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CONDENSERS 

PUMPS 

COOLING 

TOWERS 


POWER    PLANT   AUXILIARIES    AND    SPECIALTIES 


WHEELER  CONDENSER  &  ENG.   CO. 

Main  Office  and  Works:    CARTERET,  N.  J. 

Surface,  Jet  and  Barometric  Condensers,  Combined  Surface  Condensers  and  Feed 
Water  Heaters,  Coolins  Towers,  Edwards  Air  Pumps,  Ccntrifufral  Pumps,  Rotative 
Dry  Vacuum  Pumps  and  Multiple  Eflect  and  Evaporating  Macliinery. 


CONDENSERS 

COOLING 
TOWERS 

FEED-WATER 
HEATERS 


C.  H.  WHEELER  MIX;.  CO. 

PHILADELPHIA,  PA. 

NEW    YORK  BOSTON  CHICAGO  SAN    FRANCISCO 

Manufacturers  of  Hiffh   Vacuum  Apparatus,  Condensers,  Air  Pumps, 
Feed  Water  Heaters,  Water  Cooling  Towers,  Boiler  Feed  and  Pressure  Pumps. 


PUMPS  AND   HYDRAULIC  TURBINES 


HYDRAULIC 
TURBINES 

PUMPING 
MACHINERY 


AELIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 

Builders  of  Reaction  and  Impulse  Turbines,  in  capacities  up  to  20,000 
H.P.  High  Duty  Pumping  Engines,  Centrifugal  Pumps,  Single  and  Multi- 
stage; Screw  Pumps,  Elevator  Pumps,  Geared  Pumps,  Mine  Pumps  and 
Electrically  Driven  Pumps.    Hydraulic  Transmission  Pumping  Machinery. 


PUMPING 
MACHINERY 


AMERICAN  STEAM  PUMP  COMPANY 

BATTLE  CREEK,  MICHIGAN,  U.  S.  A. 

Manufacturers  of  Marsh  and  American  Steam  and  Power  Pumping  Machinery. 
The  valve  motion  is  desifrncd  for  efficient  and  reliable  service,  which,  combined  with 
low  maintenance  cost,  should  mi)pcm1  to  engineers  who  desire  to  reduce  their  operating 
expenses.     Literature  upon  request. 


PUMPS 
CONDENSERS 


M.  T.  DAVIDSON  CO. 

43-53  Keap  St.,  BROOKLYN,  N.  Y. 
New  York:  154  Nassau  St.  Boston:  30  Oliver  St. 

High  grade  economical  Pumps  for  all  services.     Surface  and  Jet  Con- 
densers. 


PUMPS 
HYDRAULIC 
MACHINERY 


THE  GOULDS  MANUFACTURING  COMPANY 

SENECA  FALLS,  N.  Y. 

Manufacturers  of  Efficient  Triplex  Power  Pumps  for  general  water  supply,  muni- 
cipal water-works,  Are  protection,  hydraulic  elevators,  paper  and  pulp  mills,  boiler  feed 
pumps,  chemical  pumps  and  air  compressors,  rotary,  centrifugal  and  well  pumps  and 
band  pumps  of  every  kind. 


WATER 
WHEELS 


HOLYOKE  MACHINE  COMPANY 

HOLYOKE,  MASS.  WORCESTER,  MASS. 

Water  Wheels  with  Connections  and  Complete  Power  Transmission, 
Water  Wheel  Governors,  Gearing,  Wood  Pulp  and  Paper  Machinery, 
Pumj>s,  Hydraulic  Presses.     Special  Machinery  to  order. 
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PUMPS   AND    HYDRAULIC   TURBINES 


J.  &  W.  JOLLY,  Inc. 

HOLYOKK,  MASS. 
McCormick  Holyoke  Turbines  desifjncd  to  suit  Mill  or  Hydro-Elec- 
tric  Work .       Paper   Mill   Machinery,   Shafting,    Gearing,    Pulleys  and 
Freight  Elevators. 


MORKIS  MACHINE  WORKS 

BALDWINSVILLK,  N.  Y. 
Manufacturers  of  Centrifugal  Puinj)iiig  Machinery,  Vertical  and  Hori- 
zontal Engines  and  Marine  Engines. 


TURBINES 
PAPER    MILL 
MACHINERY 


CENTRIFUGAL 

PUMPING 

MACHINERY 

ENGINES 


WILLIAM  E.  QUIMBY,  INC. 

548-50  West«33d  St.  NEW  YORK 

Have  a  shop  on  23d  Street,  New  York,  equipped  with  large  and  accurate 
tools  and  do  a  general  machine  business.  Also  manufacture  the  Quimby 
Screw  Pump  and  Quimby  Electric  Sump  Pump. 


Machinists 

PUMPS 

Manufacturkns 


POWER  TRANSMISSION 


THE   AMERICAN   PULLEY   CO. 

PHILADELPHIA,  PA. 

The  American  Pulley.  The  first  all  steel  parting  belt  pulley  made.  Now  sold  in 
larger  quantities  than  any  one  make  of  pulley.  No  key,  no  set  scre^\',  no  slip;  light, 
true  and  amply  strong  for  double  belts.    120  stocks  carried  in  the  United  States. 


PULLEYS 


ONEIDA  STEEL  PULLEY  CO. 

ONEIDA,  N.  Y.  CHICAGO,  ILL. 

The  largest  manufacturers  of  Pulleys  in  the  world.  Our  Steel  Pulleys 
range  from  6  to  126*  diameter,  3  to  4-0"  face,  and  fit  any  size  shaft  from  1 
to  8^".     Let  us  send  you  our  booklet  illustrating  all  styles. 


PULLEYS 


THE  A.  &  F.  BROWN  CO. 

17-2  Fulton  St.  NEW  YORK 

Manufacturers  of  Shafting,   Pulleys,   Hangers,  etc.  for  Transmission 
of  Power. 


SHAFTING 
PULLEYS 
HANGERS 


THE  CARLYLE  JOHNSON  CO. 

MANCHESTER,  CONN. 

The  Jo  inson  Friction  Clutch  for  feed  and  speed  changes  on  machine 
tools.     Sen  1  for  our  booklet  "Clutches  for  Use  in  Machine  Building." 
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FRICTION 
CLUTCHES 


POWER 

TRANSMISSION 

ELEVATORS 

CONVEYORS 


POWER  TRANSMISSION 


DODGE  MANUFACTURING  CO. 

MISHAWAKA,  IND. 

Manufacturers  of  everything  for  the  Mechanical  Transmission  of 
Power;  also  Elevating  and  Conveying  Machinery,  and  the  "Eureka" 
Water  Softener.      Send  for  general  catalog  C-10. 


STEEL 

BELT 

LACING 


FLEXIBLE  STEEL  LACING  CO. 

542  W.  Jackson  Boulevard  CHICAGO,  ILL. 

Alligator  Steel  Belt  Lacing.  Adapted  for  use  on  leather,  rubber,  balata, 
cotton  or  canvas-stitched  belting  of  any  width  or  thickness.  A  perfect  flex- 
ible joint  and  separable  hinge  joint  that  works  satisfactorily  with  an  idler. 


POWER 
TRANSMISSION 


THE  HILL  CLUTCH  COMPANY 

CLEVELAND,  OHIO 
Manufacturers  of  a  complete  line  of  Power  Transmission  Machinery 
for  belt,  rope   or  gear   driving,   including  the  well   known    Hill    Friction 
Clutches  and  Hill  Collar  Oiling  Bearings. 


Pulleys — Paper 

Friction 
Transmission 


THE  ROCKWOOD  MANUFACTURING  CO. 

INDIANAPOLIS,  IND. 
Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority. 
You  will  find  our  booklets  regarding  Transmission  of  Power  by  Belts  and 
Friction  Transmission  desirable  additions  to  your  engineering  library. 


POWER 
TRANSMISSION 


T.   B.   WOOD'S  SONS  CO. 

CHAMBERSBURG,  PA. 
Modern  and  Approved    Appliances   for   the   transmission   of   Power. 
Shafting,  Couplings,  Collars,  Hangers,  PuUeys,  Belt  Tighteners,  Friction 
Clutches,  Rope  Driving  Equipments. 


HOISTING  AND  CONVEYING  MACHINERY 


CRANES 

STEAM 

HAMMERS 

PUNCHES 

AND 

SHEARS 


ALLIANCE  MACHINE  CO. 

ALLIANCE,  OHIO 
Makers  of  Alliance  Cranes  of  all  types;  also  Rolling  Mill  and  Hydraulic 
Machinery,  Steam  Hammers,  Punches  and  Shears,  Scale  Cars,  Copper-Con- 
verting Machinery,  etc. 


WIRE   ROPE 

Aerial  Wire  Rope 
TRAMWAYS 


BRODERICK  &  BASCOM  ROPE  COMPANY 

ST.   LOUIS,  MO. 

Manufacturers  of  Wire  Rope  for  over  a  quarter  of  a  century  and  of  the 
famous  Yellow  Strand  Wire  Rope,  the  most  powerful  rope  made. 

Special  system  of  Aerial  Wire  Rope  Tramways  for  conveying  material. 
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HOISTING  AND  CONVEYING   MACHINERY 


THE  lUlOWN  HOISTING  MACHINERY  CO. 


New  York 


CLEVELAND,  O.,  U.  S.  A. 


Pittsburg 


Designers  and  manufacturers  of  all  kinds  of  Hoisting  Machinery,  including  Loco- 
motive Cranes.  Klectric  Travelers,  I-beam  Trolleys,  Crabs,  Winches,  etc.,  as  well  as 
heavy  Moisting  Machinery  of  all  description.  Also  Ferroinclave  for  reinforced  con- 
crete roofing. 


HOISTING 
MACHINERY 


H.  W.  CALDWELL  k  SON  COMPANY 

NEW  YORK  CHICAGO 

Elevating,  Conveying  and  Power  Transmitting  Machinery.     Helicoid  & 

screw  conveyors,  machine  molded  gears,  pulleys,  fly-wheels,  rope  sheaves 

and  drives,  sprocket  wheels  &  chain,  buckets,  belting,  shafting  and  bearings. 


CONVEYORS 

ELEVATORS 

POWER 

TRANSMISSION 


CLYDE  IRON  WORKS 

DULUTH,  MINN. 
Hoisting  Engines  and  Derricks.     All  sizes  and  types  of  engines. 


HOISTING 
ENGINES 
AND 
DERRICKS 


THE  EASTERN  MACHINERY  COMPANY 

NEW  HAVEN,  CONN. 

Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Freight  Ele- 
vators, Hoisting  Machines,  Friction  Winding  Drums,  Friction  Clutches 
and  Friction  Clutch  Pulleys. 


ELEVATORS 

FRICTION 

CLUTCHES 

PULLEYS 


THE  B.  F.  GOODRICH  CO. 

AKRON,  OHIO 
Manufacturers  of  Goodrich  Conveyor  Belt.     The  Goodrich  "Longlife," 
"Economy"  and  "Grainbelt"  Conveyors  will  handle  more  tons  per  dollar 
of  cost  than  any  other  belt  made. 


CONVEYOR 
BELTS 


THE  JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Builders  of  Elevating,  Conveying  and  Mining- Machinery;  Coal  and  Ashes  Hand- 
ling Systems  for  Power  Plants;  Screens,  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples, 
Coal  Washeries,  Locomotives,  Coal  Cutters,  Drills,  etc.  Complete  Coal  Mine  Equip- 
ments. 


ELEVATING 
CONVEYING 

MINING 
MACHINERY 


LIDGERAVOOD  MFG.   CO. 

96  Liberty  St.  NEW  YORK 

Hoisting  Engines — steam  and  electric,   for  every  use  of  the  contractor,  miner, 

warehouseman,  railroads,  ship  owners,  etc.  Derricks,  Derrick  Irons  and  Derrick  Hoists, 

Cableways  for  hoisting  and  conveying.  Marine  Transfer  for  coal  and  cargo  handling. 


HOISTING 
ENGINES 

CABLEWAYS 

MARINE 
TRANSFER 


LINK-BELT  COMPANY 

PHILADELPHIA  CHICAGO  INDIANAPOLIS 

Elevators  and  Conveyors  for   every  purpose;   all   accessories;    Power 
Transmission  Machinery. 


ELEVATORS 

AND 
CONVEYORS 
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HOISTING  AND  CONVEYING   MACHINERY 


ELEVATING 

AND 
CONVEYING 
MACHINERY 


MEAD-MORRISON  MANUFACTURING  COMPANY 

NEW  YORK  BOSTON  CHICAGO 

Coal-Handliiiff  Machinery,  Hoisting  Engrines,  complete  Discharf?ing  and  Storage 
Plants,  Cable  Railways,  Marine  Elevators.  McCaslin  and  Harrison  Conveyors,  Steam, 
Electric,  Belt  and  Gasoline  Hoists,  Derrick  Swingers,  Grab  Buckets,  Steam  Boilers, 
Locomotive  Derricks,  Suspension  Caoleways. 


CRANES 


THE   MORGAN    ENGINEERING 

ALLIANCE,  OHIO 


CO. 


Are  the  larjjest  builders  of  Electric  Traveling  Cranes  in  the  world.  We 
also  design  and  build  Steel  Plants  complete.  Hammers,  Presses,  Shears, 
Charging  Machines  and  all  kinds  of  Rolling  Mill  and  Special  Machinery. 


CRANES 
HOISTS 


NORTHERN  ENGINEERING  WORKS 

DETROIT,  MICH. 
We  make  Cranes  of  all  types  up  to  150  tons.     We  also  make  Grab 
Bucket  Cranes  and  Hoists  for  coal  storage  service,  Cupolas,  Coal  and  Ash 
Handling  Machinery,  Elevators  and  Foundry  Equipment. 


ELEVATORS 


THE 

H.  J.  REEDY 

CINCINNATI,  O. 

CO. 

Manufacturers  of  all 
vators. 

types 

of  Passeng 

2r  and 

Fr 

eight 

Ele- 

ROBINS 

BELT 

CONVEYORS 


ROBINS     CONVEYING     BELT     COMPANY 

Thomas  Robins,  Pres.    C.  Kemble Baldwin, Chief  Engr.,  13 Park  Row,  N.Y. 

The  Robins  Belt  Conveyor  was  the  original  and  is  today  the  standard  of  this  type 
of  conveying  machinery.  It  is  successfully  and  economically  conveying  ore,  rock,  coal 
and  similar  materials  under  the  most  trying  conditions  of  service.  Correspondence 
invited. 


WIRE   ROPE 


JOHN  A.  ROEBLINGS  SONS  COMPANY 

TRENTON,  N.  J. 
Manufacturers  of  Iron,  Steel   and    Copper  Wire    Rope,  and    Wire  of 
every  description. 


CRANES 
CONTROLLERS 


CRANES 
HOISTS 


SHAW  ELECTRIC  CRANE  CO. 

MUSKEGON,  MICH. 

Electric  Travelers  for  all  purposes.     Gantries.     Wharf  Cranes.      Rail- 
road Wrecking  Cranes.     Electric  Motor  Controllers. 


THE  TOLEDO  BRIDGE  &  CRANE  CO. 

TOLEDO,  OHIO 
Toledo  Cranes  and  Hoists;  Coal  and  Ore  Handling  Bridges;  Grab  Bucket 
Machinery;    Electric  and  Hand  Power  Cranes,    all  types,  any  capacity; 
Structural  Steel  for  Factory  Buildings. 
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HOISTING  AND  CONVEYING   MACHINERY 


THE  WEHSTER  MFG  COMPANY 

(Successors  to  WEBSTER  M'F'G  CO.) 
TIFFIN,  OHIO.  B:astern  Branch:  88-<t0  Kcade  St..  NEW  YORK 
Manufacturers  of  Elevating,  Conveying:  and  Power  Transniittintr  Macliinery  for 
all  purposes.  Over  thirty  years'  experience  in  this  line  and  extensive  facilities  for 
manufacturing:  give  us  larpe  advantag:es.  Helt  Conveyors  for  handling:  cements,  ores, 
sand,  gr.-ivel,  etc.  Coal  and  Ash  Handling  Systems  for  power  plants  and  buildings. 
Chain  Belting.    Gearing. 


ELEVATING 

CONVEYING 

POWER 

transmitting 
Machinery 


CO. 

NEW  YORK 

The  Triplex  Block 
is  made  in  14  sizes,  with  a  lifting  capacity  of  from  i  to  20  tons;  Electric 
Hoist  in  10  sizes,  i  to  16  tons. 


THE   YALE   &   TOWNE    MFG 

9  MuRK.xY  St. 

Makers  of  the  Triplex  Block  and  Electric  Hoists. 


CHAIN 

BLOCKS 

ELECTRIC 

HOISTS 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

Xo.  5S,5.  Power  Losses  in  Transmission  Machinery  of  Central  Stations: 
Aldrich,  price  $.-20;  No.  808.  Power  Transmission  by  Belt:  F.  L.  Emory, 
price  .f. 10;  No.  1180.  Power  Transmission  by  Friction  Drives:  W.  F.  M. 
Goss,  price  $.30;  No.  1230.     Paper  on  Belting:     C.  G.  Barth,  price  $.50. 


PAPERS 

ON 

POWER 

TRANSMISSION 


AIR   COMPRESSORS  AND  PNEUMATIC  TOOLS 


CHICAGO   PNEUMATIC  TOOL  CO. 

CHICAGO,   ILL. 

Manufacturers  of  "Chicago  Pneumatic"  Air  Compressors  and  a  complete 
line  of  Pneumatic  Tools  and  Appliances. 


AIR 

Compressors 

PNEUMATIC 
TOOLS 


THOS. 

York  and  23hd  St. 


H.  DALLETT  CO. 

PHILADELPHIA,  PA. 


Our  Compressors  are  exceptionally  massive  and  rigid  in  design;  have  liberal 
bearing  surfaces;  all  working  parts  are  readily  accessible;  have  special  intake  and  dis- 
charge valves.  Are  particularly  adapted  for  high-class  installations.  Write  for 
catalogue. 


Air 
Compressors 


INGERSOLL-RAND    COMPANY 


11  Broadway 


NEW  YORK 


Twenty  standard  Air  Compressor  types,   capacity  8  to  8000  cu.  ft.  per  minute: 
"Crown"  and  "Imperial"  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists. 
I  i  to  5  tons  capacity;  "Crown"  Sand  Rammers,  floor  and  bench  types. 


AIR 
COMPRESSORS 

TOOLS 

HOISTS    AND 

SAND 

RAMMERS 


PAPERS  FROM  TRANSACTIONS  OF  A.  S.  M.  E. 
No.  534..     An  Evaporative  Surface  Condenser:  J.  H.  Fitts,  price  $.10; 
No.  693.     A   Self-Cooling   Condenser:    Ralberger,   price  $.20;  No.   1072. 
Condensers  for  Steam  Turbines,  price  $.20. 


PAPERS 

ON 

CONDENSERS 
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ELECTRICAL  APPARATUS 


i 


ELECTRICAL  APPARATUS 


MOTORS 

AND 

GENERATORS 


ALLIS-CIIALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 

Builders  of  Electrical  Machinery  of  every  description;  Motors  and 
Generators  for  alternating  and  direct  current;  Rotary  Converters,  Trans- 
formers, Switchboards. 


ELECTRIC 
DRIVE 


GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 
The  General  Electric  Company  has  equipjjcd  machines  of  all  kinds  with 
its  motors.     Eor  each  kind  of  machine  there  is  an  equipment  of  motor  and 
controller  that  is  best. 


DYNAMOS 
MOTORS 

Transform  ers 
i  nstrum  ents 


WAGNER  ELECTRIC  MFG 

ST.  LOUIS,  MO. 


COMPANY 


Producers  of  the  commeroially  successful  Single-phase  Motor.  Pioneers  in  Power 
and  Lishtiiifi:  Transformers.  Builders  of  the  most  liberally  desifrned  and  rufrged  poly- 
phase grenerators  and  motors  tlie  market  affords  Manufacturers  of  the  most  compre- 
iiensive  line  of  switchboard  and  portable  instruments  offered  to-day. 


ELECTRIC 

MOTOR 

DRIVE 


WESTINGHOUSE   ELECTRIC   k   MFG.   CO. 

PITTSBURG,  PA. 

Westinp:house  Electric  Motor  Drive.  Pumps,  compressors,  hoists, 
machine  tools  and  every  class  of  apparatus  develop  their  highest  efficiency 
when  individually  driven  with  Westinghouse  Motors. 


ROLLING  MILL  MACHINERY 


ENGINES 

ROLLING    MILL 
MACHINERY 


STEAM 

HYDRAULIC 

FORGING 

PRESSES 


MACKINTOSH  HEMPHILL  &  CO. 

PITTSBURGH,  PA. 

Engines,  single  and  compound,  corliss  reversing  and  blowing.  Roll- 
ing Mill  and  Hydraulic  Machinery  of  all  kinds.  Shears,  Punches,  Saws, 
Coping  Machines. 


UNITED  ENGINEERING  &  FOUNDRY  CO. 

2300  Farmers'  Bank  Bldg.  PITTSBURG,  PA. 

Manufacturers  of  High-Speed  Steam  Hydraulic  Forging  Presses. 
Single  Lever  Control.  Built  for  all  classes  of  Forging,  Shearing  or  Press- 
ing.    100  to  12,000  tons  capacity. 
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BLOWERS,   FANS,   DRYERS,  ETp. 


BLOWERS,   FANS,   DRYERS,   ETC. 


P.  H.   &  F.   M.  ROOTS  CO. 

CONNERSVILLE,  IND. 

Positive  Pressure  Blowers  for  foundries.  High  Pressure  Blowers.  Blowers  for 
vacuum  cleaning:,  for  laundries,  for  blacksmiths.  Positive  Rotary  Pumps,  Positive 
Pressure  Gas  Exhausters.     High  Pressure  Gas  Pumps.     Flexible  Couplings. . 


RUGGLES  COLES  ENGINEERING  CO. 

McCoRMicK    Bldg.,  CHICAGO  Hudson  Terminal,   NEW  YORK 

Drj'ers.      Direct  heat.  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of 
materials. 


B.  F.   STURTEVANT  COMPANY 

HYDE  PARK,  MASS. 
We  make  equipment  to    force   or    exhaust  air  imder    all  conditions. 
Largest  standard  line  of  "ready  to  deliver"  Fans  in  the  world  and  special 
work  done  where  necessary.     Consulting  representatives  in  or  near  your  city. 


BLOWERS 

GAS 
EXHAUSTERS 

PUMPS 


DRYERS 


FANS 

BLOWERS 

ECONOMIZERS 

ENGINES 


FOUNDRY   EQUIPMENT 


INGERSOLL-  RAND 

11  Broadwav 


COMPANY 

NEW  YORK 


"Crown"  Sand  Rammers,  floor  and  bench  types;  "Crown"  and  "Imperial"  Chipping 
Hammers;  "Imperial"  Air  Motor  Hoists,  i  to  5  tons  capacity;  Air  Compressors,  twenty 
types,  capacity  8  to  8000  cu.  ft.  per  minute. 


SAND 
RAMMERS 

AIR  TOOLS 
AND  HOISTS 

COMPRESSORS 


J.   W.  PAXSON  CO. 

Pier  45  North  PHILADELPHIA,  PA. 

Manufacturers  and  engineers.  Complete  Foundry  Equipment.  Cupolas, 
Blowers,  Sand  Blast  Machinery,  Cranes,  Tramrail  Systems.  Foundry 
Buildings  designed,   Foundry  Sand,  etc. 


FOUNDRY 
EQUIPMENT 


WHITING  FOUNDRY  EQUIPMENT  CO. 

HARVEY,  ILL. 
Have  complete  equipment  and  Cranes  of  all  kinds  for  grey  iron,  steel 
and  malleable  Foundry  Plants.     Buildings  designed  and  furnished;  equip- 
ment installed  and  operated. 
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FOUNDRY 

PLANT 

EQUIPMENT 


ENGINEERING   MISCELLANY 


ENGINEERING  MISCELLANY 


ALUMINUM 


ALUMINUM  COMPANY  OF  AMERICA 

PITTSBURGH,    PA. 

Aluminum,  Electric  Conductors,  Ingots,  Bars,  Plates,  Castings,  Tubes, 
Sheets,  etc. 


CASTINGS 
MACHINE 

WORK 
GRINDING 
MACHINES 


VERTICAL 

OR 
HORIZONTAL 
T-SQUARE 


BUILDERS  IRON  FOUNDRY 

PROVIDENCE,  R.  I. 

Engineers,  Founders  and  Machinists 
Castings  of  Unusual  Weight  and  Strength.     Large   and  Accurate 
Machine  Work.     Grinding  and  Polishing  Machines. 


EMMERT  MANUFACTURING  CO. 

WAYNESBORO,  PA. 

The  "Noyes"  Vertical  or  Horizontal  T-Sqiiare.  Comprises  a  rombi  nation  of  the  usual 
T-square,  scales  and  triangles,  with  whicli  the  draftsman  can  make  full  sized  drawings 
of  almost  any  size  of  machine,  wliile  sitting  or  standing  in  a  normal  position. 


AUTOMATIC 

WEIGHING 

MACHINERY 


BALL 

and 

ROLLER 

BEARINGS 


STEEL 


RICHARDSON  SCALE  COMPANY 

BOSTON  NEW  YORK  CHICAGO 

Richardson  Automatic  Scales,  to  check  coal  received  and  amount  fed  to 
boilers.  Automatic  Scales  for  water  and  for  recording  contents  of  cars  and 
belt  conveyors  in  transit. 


STANDARD  ROLLER  BEARING  COMPANY 

50th  St.  and  Lancaster  Ave.  PHILADELPHIA, PA. 

Largest  manufacturers  in  the  world  of  Ball  and  RoUer  Bearings  for  all 
purposes.     Steel,  Bronze  and  Brass  Balls. 


THE  UNITED  STEEL  COMPANY 

CANTON,  OHIO 
BASIC^^H^  ItEEL  1  I"^o^^s,    Blooms,   Billets,    U.    M.  Plates,    Bars, 
SPECIAL  STEELS      j  ^^^^^  ^^^^• 


PP.ANERS 


S.   A.   WOODS  MACHINE  CO. 

BOSTON 


CHICAGO-NORFOLK 
NEW  ORLEANS-SEATTLE 

The  Planer  Specialists. 


Planers  for  Dressing  Lumber 
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Union  Drawn  Steel  Co* 

of  Beaver  Falls,  Pa. 


Makers  of  Bright  Cold  Finished  Bessemer,  Open  Heaxth 
Crucible  and  Alloy  Steels,  in  Rounds,  Flats,  Squares,  Hexa- 
agons  and  Special  Shapes;  straight,  accurate  to  section,  with 
polished  superior  wearing  surface;  for  Shafting,  Duplicate 
Shafts  for  machine  construction,  piston  and  pump  rods,  keys, 
feathers,  slides,  and  guides;  Special  simple  and  alloyed  steels, 
cold  finished,  for  all  special  requirements,  particularly  adapted 
for  rapid  machining  in  screw  machines,  hand  or  automatic. 


BRANCH  OFFICES  AND  WAREHOUSES 

Atlanta  Boston  Buffalo  Chicago 

Cincinnati  New  York  Philadelphia 
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ENGINEEKING  SCHOOLS  AND  COLLEGES 


NEW  YORK  UNIVERSITY 
SCHOOL  OF  APPLIED  SCIENCE 

Departments  of  Civil,  Mechanical  and  Chem- 
ical Engineering. 

For  announcements  or  information,  address 

Charles  Henry  Snow,  Dean. 

UNIVERSITY   HEIGHTS,  N.  Y.  CITY. 


TUFTS  COLLEGE 

Department  of  Engineering.  Civil,  Me- 
chanical, Electrical  and  Chemical  Engineering. 
New  laboratories  and  excellent  equipment. 
Beautiful  site  within  four  miles  of  Boston.  Pre- 
paratory department  for  students  who  have  had 
engineering  practice,  but  insufficient  prepara- 
tion for  college  work.  For  information  concern- 
ing courses  and  positions  of  graduates,  address 

Prof.  G.  C.  Anthony,  Dean, 

TUFTS  COLLEGE  P.  O.,   MASS. 


POLYTECHNIC    INSTITUTE    OF 
BROOKLYN 


Course  in  Mechanical  Engineering,  Ev.en- 
Ing  Post-Graduate  Courses.  Fred.  W.  Atkin- 
son, Ph.  D.,  President;  W.  D.  Ennis,  Member 
A.  S.  M.  E.,  Professor   Mechanical  Engineering. 


THE  RENSSELAER   POLYTECH- 
NIC INSTITUTE 

Courses  in  Civil,  Mechanical  and  Electrical 
Engineering  and  General  Science  leading  to  the 
degrees,  C.  E.,  M.  E.,  E.  E.  and  B.  S. 

Unsurpassed  laboratories  for  Mechanical  and 
Electrical  Engineering. 

Catalogue  sent  upon  application,  TROY,N.Y. 


PROFESSIONAL  CARDS 


THE  ARNOLD  COMPANY 

Engineers — Constructors 
Electrical — Civil — Mechanical 

105  South  La  Salle  Street,  CHICAGO. 

BERT  L.   BALDWIN 

Member  A.  S.  M.  E.  and  A.  I.  E.  E. 
Plans,  Specifications  and  Superintendence  of 
Manufacturing   Buildings,    Plants   and   Equip- 
ments of  same. 

Perln  Building,  CINCINNATI,  OHIO 

F.  W.  Dean       H.  M.  Haven      Wm.  W.  Crosby 
Members  A.  S.  M.  E. 

F.  W.  DEAN,  INC., 

Mill  Engineers  and  Architects, 

Exchange  Building,  53  State  St., 

BOSTON,   MASS. 


ELECTRICAL  TESTING 
LABORATORIES 

Electrical  and  Mechanical  Laboratories 
Tests  of  Electrical  Machinery,  Apparatus  and 
Supplies.     Materials     of     Construction,     Coal, 
Paper,  etc.     Inspection  of  Material  and  Appa- 
ratus at  Manufactories. 
80th  Street  and  East  End  Avenue. 

NEW  YORK  CITY. 


CHAS  T.  MAIN 

Member  A.  S.  M.  E. 
Mill  Engineer  and  Architect 
201  Devonshire  Street,  BOSTON,   MASS. 

J.   Wm.   PETERSON 

Lubrication  Engineer 

Specialty:  Plans,  Specifications  and  Superintend- 
ence of  Power  Plant  Oiling  Systems  and 
General  Machinery  Lubrication 


50  Church  Street 


NEW  YORK  CITY 


SPECIAL  RATES 

Will  be  quoted  on  request  for 
Professional  Cards. 


44 


ALPHABETICAL  LIST  OF  ADVERTISERS 


Page 

Allen  IManufacturing  Co.,  Inc.  ...  25 

Alliance  Machine  Co 24,  3G 

AUis-Chalmers  Co 14,  29,  34,  40 

Alniy  Water  Tube  Boiler  Co 27 

Aluminum  Co.  of  America 42 

American  Engine  Co 17,  27 

American  Injector  Co 30 

American  Pulley  Co 35 

American  Steam  Gauge  &  Valve 

Mfg.  Co 30 

American  Steam  Pump  Co 19,  34 

Arnold  Co.,  The 44 

Ashton  Valve  Co 30 

Babcock  &  Wilcox  Co 17,  27 

Baldwin,  Bert  L 44 

Ball  Engine  Co 27 

Bristol  Co 16,  30 

Broderick  &  Bascom  Rope  Co 36 

Brown,  A.  &  F.  Co.,  The 22,  35 

Brown  Hoisting  Mchy.  Co 37 

Bruce-Macbeth  Engine  Co 29 

Buckeye  Engine  Co 13,  27 

Builders  Iron  Foundry 19,  42 

Bulkley,  Henry  W 30 

Butterfield  &  Co 25 

Caldwell  &  Son  Co.,  H.  W 37 

Carborundrum  Co 25 

Carlyle  Johnson  Co.,  The 35 

Carpenter  Tap  &  Die  Co.,  J.M.  5,  25 

Chapman  Valve  Mfg.  Co 30 

Chicago  Pneumatic  Tool  Co 39 

Cincinnati  Gear  Cutting  Machine 

Co 25 

Cincinnati  Shaper  Co 25 

Clyde  Iron  Works 24,  37 

Crosby  Steam  Gage  &  Valve  Co. .  31 

Dallett  Co.,  Thos.  H 39 

Davidson  Co.,  M.  T 34 

Dean,  F.  W.,  Inc 44 

Dearborn  Drug  &  Chemical  Wks.    31 

De  La  Vergne  Machine  Co 13,  29 

Dodge  IManuf acturing  Co 36 

Eastern  Machinery  Co 37 

Electrical  Testing  Laboratories. . .   44 


Page 

ETuincrt  Mfg.  Co 7,  42 

Engineering  Schools  &  Colleges  . .  44 
Erie  City  Iron  Works 28 

Fellows  Gear  Shaper  Co 25 

Flexible  Steel  Lacing  Co 36 

Garvin  Machine  Co 5,  26 

General  Electric  Co 8,  40 

Goodrich  Co.,  B.  F 21,  37 

Goulds  Mfg.  Co 19,  34 

Harrisburg  Foundry  &  Machine 

Works 28 

Heine  Safety  Boiler  Co 16,  28 

Hewes  &  Phillips  Iron  Works...  15,  28 

Hill  Clutch  Co 36 

Holyoke  Machine  Co 34 

Homestead  Valve  Mfg.  Co 31 

Hooven-Owens-Rentschler  Co.  .17,  28 
Hughson  Steam  Specialty  Co 31 

Ingersoll-Rand  Co..  6,  26,  31,  39,  41 

Jeffrey  Mfg.  Co 21,  37 

Jenkins  Bros 16,  31 

Jolly,  J.  &  W.,  Inc 35 

Jones  &  Lamson  Machine  Co.  2,  3,  26 

Keasbey  Co.,  Robt.  A 31 

Kennedy  Valve  Mfg.  Co 18,  31 

King  Machine  Tool  Co 26 

Kingsford  Fdy.  &  Mch.  Wks..  .17,  28 

Le  Blond  Machine  Tool  Co.,  R.K  26 

Lidgerwood  Mfg.  Co 37 

Link-Belt  Co 37 

Ludlow  Valve  Mfg.  Co 32 

Lunkenheimer  Co.,  The 14,  32 

Mackintosh  Hemphill  &  Co 40 

Main,  Chas.  T 44 

Manning,  Maxwell  &  Moore 4,  26 

Mead-Morrison  Mfg.  Co 20,  38 

Mietz  Iron  Foundry  &  Machine 

Works,  August 29 

Model  Stoker  Co 32 

Monarch  Valve  &  Mfg.  Co 32 


45 


Morehead  Mfg.  Co 32 

Morgan  Engineering  Co 38 

Morris  Machine  Works 19,  35 

Murphy  Iron  Works 32 

National  Meter  Co 12,  30 

Nelson  Valve  Co 10,  32 

New  Process  Raw  Hide  Co 26 

New  York  University  School   of 

Applied  Science 44 

Northern  Engineering  Works. ..24,  38 

Ohio  Injector  Co 32 

Oneida  Steel  Pulley  Co 35 

Paxson  Co.,  J.  W 41 

Peterson,  J.  Wm 44 

Pickering  Governor  Co 33 

Polytechnic  Institute  of  Brooklyn  44 

Power  Plant  Specialty  Co 33 

Power  Specialty  Co 33 

Professional  Cards 44 

Providence  Engineering  Works... .  28 

Quimby,  Wm.  E.,  Inc 35 

Reedy  Co.,  H.  J 22,  38 

Rensselaer  Polytechnic  Institute..  41 

Richardson  Scale  Co 11,  42 

Ridgway  Dynamo  &  Engine  Co.15,28 

Robb  Engineering  Co.,  Ltd 16,  29 

Robins  Conveying  Belt  Co 38 

Rockwood  Manufacturing  Co 36 

Roebling's  Sons  Co.,  John  A... 23,  38 

Roots  Co.,  P.  H.  &  F.  M 41 

Ruggles-Coles  Engineering  Co. ...  41 


Page 

Scaife  &  Sons  Co.,  Wm.  B 33 

Shaw  Electric  Crane  Co 38 

Sherwood  Manufacturing  Co 33 

Simmons  Co.,  John 12,  33 

Standard  Roller  Bearing  Co 18,  42 

Sturtevant  Co.,  B.  F 41 

Tagliabue  Mfg.  Co.,  C.  J 33 

Texas  Co.,  The 33 

Toledo  Bridge  &  Crane  Co 38 

Tufts  College 44 

Union  Drawn  Steel  Co 43 

United  Engineering  &  Foundry 

Co 4,  40 

United  Steel  Co 42 

Vilter  Manufacturing  Co.,  The...  29 

Wagner  Electric  Mfg.  Co 40 

Waltham  Machine  Works 26 

Warner  &  Swasey  Co 1,  27 

Webster  xMfg.  Co.,  The 39 

Wells  Brothers  Co 27 

Westinghouse  Electric  &  Mfg.Co.  9,  40 

Westinghouse  Machine  Co 29 

Wheeler  Condenser  &  Engrg.  Co..  34 

Wheeler  xMfg.  Co.,  C.  H 34 

Whiting  Foundry  Equipment 

Co 24,  41 

Williams  &  Wilkins  Co 4 

Wood's  Sons  Co.,  T.  B 36 

Woods  Machine  Co.,  S,  A 1,  42 

Yale  &  Towne  Mfg.  Co 23,  39 


THE 

JOURNAL 

THE    AMERICAN    SOCIETY 
OF  MECHANICAL  ENGINEERS 

DECEMBER  1911 


35  Cents  a  Copy  $3  a  Year 


ANNUAL  MEETING,  NEW  YORK,  DECEMBER  5-8. 
MONTHLY  MEETINGS:  ST.  LOUIS,  DECEMBER  15; 
BOSTON,  DECEMBER  20. 


DBCEMBKR   1911  VOT^.  B3  No.  12 

THE  JOUENAL 

OF 

THE    AMERICAN    SOCIETY    OF 
MECHANICAL     ENGINEERS 

PUBLISHED  AT  2427  YORK  ROAD BALTIMORE,  MD. 

EDITORIAL  ROOMS,  29  WEST  39th  STREET NEW  YORK 

CONTENTS 

Society  Affairs 

Annual  Meeting  (3).  Coming  Meetings:  St.  Louis  (10);  Boston  (10). 
Current  Affairs  of  the  Society  (11).  Reports  of  Meetings:  John 
Fritz  Medal  Award  (IG);  San  Francisco  (16);  St.  Louis  (17); 
New  York  (17);  New  Haven  (18);  Boston  (19).  Student  Branches 
(19).  Meeting  of  Council  (22).  Report  of  Finance  Committee 
(25).     Necrology  (31). 

Papers 

The  Turret  Equatorial  Telescope,  James  Hartness 1509 

Design  Constants  for  Small  Gasolene  Engines,  Wm.  D.  Ennis 1539 

Expense  Burden:  Its  Incidents  and  Distribution,  Sterling  H.  Bunnell  1557 
The  Development  of  the  Textile  Industries  of  the  United  States, 

Frank  W.  Reynolds 1573 

Varitable-Speed  Power  Transmission,  G.  H  Barrus  and  C.  M.  Manly  1593 
Air-Conditioning  Apparatus,  Willis  H.  Carrier  and  F.  L.  Busey.  .  .  .   1611 

Tests  of  a  Sand-Blasting  Machine,  Wm.  T.  Magruder 1689 

Standard  Cross-Sections,  H.  DeB.  Parsons 1705 

Gas  Power  Section 

Preliminary  Report  of  Literature  Committee  (XII) 1707 

General  Notes 1710 

Personals 1712 

Accessions  to  the  Library 1715 

Employment  Bulletin 1718 

Changes  in  Membership 1721 

Coming  Meetings 1727 

Officers  and  Committees 1729 

Index end  of  book 


The  Journal  Is  published  monthly  by  The  American  Society  of  Mechanical  Engineers. 

Price,  35  cents  a  copy— To  affiliates  and  members  of  affiliated  societies,  members  of  the  A.I.E.E., 
A.I.M.E.  and  Am. Soc.C.E.,  libraries  and  colleges,  25  cents  a  copy.  Yearly  subscriptions,  $3;  to 
affiliates,  etc.,  as  previously  enumerated,  $2. 

Entered  as  secoad-class  matter,  June  24.  1910,  at  the  PostofiSce,  Baltimore,  Md.,  under  the  act 
of  lihich  3,  187». 


The  Society  as  a  body  is  not  responsible  for  the  statements  of  facts  or 
opinions  advanced  in  papers  or  discussions.     C55. 


THE  JOURNAL 

OT" 

THE  AMERICAN  SOCIETY  OF 
MECHANICAL   ENGINEERS 

VOL.  83  DECEMBER  1911  numbbr  12 

THE  ANNUAL  MEETING 

The  32d  Annual  Meeting  of  the  Society  will  open  in  the  Engineer- 
ing Societies  Building,  New  York,  on  Tuesday,  December  5,  1911. 

The  program  as  announced  includes  a  large  number  of  papers  of 
professional  interest,  with  sessions  on  such  diversified  subjects  as  the 
performance  and  strength  of  steam  boilers,  machine  shop  and  foun- 
dry practice,  cement  manufacture,  problems  in  the  textile  industry, 
and  a  gas  power  session  at  which  a  discussion  of  oil  engines  will  be 
a  feature. 

ENTEHTAINMENT   FEATURES 

At  the  conclusion  of  the  address  by  the  President  and  of  the  report 
of  the  tellers,  on  Tuesday  evening,  a  reception  will  be  tendered  to 
the  membership  and  their  guests  in  the  Society  rooms,  by  the  Presi- 
dent and  President-Elect  and  their  ladies.  As  the  opening  gathering 
of  the  convention  this  event  offers  opportunity  for  a  furtherance  of 
acquaintanceship  among  the  membership  and  for  the  promotion  of 
good-fellowship  in  the  Society.  Chamber  music  will  be  rendered 
and  a  collation  will  be  served. 

On  Wednesday  afternoon,  December  6,  the  Ladies'  Committee, 
composed  of  ladies  resident  in  or  near  New  York,  will  give  a  recep- 
tion in  the  rooms  of  the  Society  to  the  membership  and  their  guests, 
at  which  they  hope  to  welcome  a  large  number  of  their  friends,  both 
among  the  members  and  visiting  ladies.  The  Ladies'  Committee 
expect  to  make  further  provision  for  the  entertainment  of  visiting 
ladies  during  the  convention  and  will  organize  trips  to  various 
points  of  interest  about  the  cit}^ 
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4  SOCIETY    AFFAIRS 

The  New  York  membership  will  entertain  the  Society  and  their 
guests  in  the  grand  ballroom  of  the  Hotel  Astor  on  Thursday  evening, 
December  7.  Dancing  will  commence  at  nine  o'clock  and  refresh- 
ments Avill  be  served  throughout  the  evening.  The  occasion  is 
expected  to  be  one  of  unusual  enjoyment  and  the  Committee  on 
Entertainment  has  the  plans  for  the  affair  well  in  hand.  Boxes  will 
be  provided  for  those  who  do  not  care  to  participate  in  the  dancing. 

ADDRESS    BY    DR.    R.    S.    WOODWARD 

On  Wednesday  evening,  December  6,  Dr.  Robert  Simpson  Wood- 
ward, president  of  the  Carnegie  Institution  of  Washington,  will 
deliver  an  address  on  Geo-Dynamics,  or  the  Mechanics  of  the  Forma- 
tion of  Worlds,  which  will  be  one  of  the  important  features  of  the 
convention.  Dr.  Woodward,  who  is  a  Past-President  of  the  Ameri- 
can Mathematical  Society,  of  the  New  York  Academy  of  Sciences,  and 
of  the  American  Association  for  the  Advancement  of  Science,  and 
a  member  of  the  National  Academy  of  Sciences,  is  an  authority  on 
this  subject,  and  will  give  an  address  of  great  interest  and  value. 

EXCURSIONS 

The  White  Star  Line  has  invited  the  Society  to  be  its  guest  and  to 
inspect  the  S.  S.  Olympic  on  Thursday  afternoon,  December  7,  from 
1.30  to  2.30  o'clock.  Both  members  and  ladies  will  be  welcomed 
on  this  occasion.  This  will  be  the  first  visit  of  the  Olympic  to  Aftierica 
since  her  recent  accident  and  repairs  are  being  hastened  so  that  the 
Society  may  not  be  disappointed  in  its  plans  to  visit  this  great 
passenger  vessel. 

Technical  excursions  are  being  arranged  for  Thursday  and  Friday 
afternoons,  December  7  and  8,  and  will  include  visits  to  the  Brooklyn 
Navy  Yard,  the  Edison  Laboratory,  Bush  Terminal,  E.  W.  Bliss 
Company,  Hotel  Astor  plant,  and  the  Ward  bread  bakeries.  In- 
formation regarding  these  and  other  points  of  interest  about  the  city 
may  be  secured  from  the  Bureau  of  Information  in  the  foyer. 

The  Society  is  cordially  invited  to  visit  the  American  Museum  of 
Safety,  located  on  the  sixth  floor  of  the  Engineering  Societies'  Build- 
ing, and  to  inspect  its  models  and  photographs  of  safety  devices  to 
protect  the  lives  of  workmen  and  the  public.  Someone  will  be  in 
attendance  to  explain  the  various  devices  to  those  interested. 
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HEADQUARTERS 


The  headquarters  of  the  convention  will  be  established  in  the  foyer 
on  the  first  floor  of  the  Engineering  Societies  Building,  and  members 
and  guests  are  requested  to  register  immediately  upon  their  arrival 
and  receive  a  badge  and  program.  Railroad  certificates  should  be 
presented  at  that  time  for  validation.  A  writing  room  will  be  pro- 
vided on  the  first  floor  opposite  the  entrance,  fully  equipped  for  the 
use  of  members.  There  is  also  a  telephone  exchange  with  several 
booths  on  the  first  floor  adjoining  the  elevators,  providing  ample  facil- 
ities for  quick  service. 

MEMBERS   REGISTER 

The  printed  Members  Register  will  contain  the  names  of  those 
registered  before  Wednesday  evening  and  will  be  distributed  at  the 
morning  session  on  Thursday. 

RAILROAD   TRANSPORTATION 

Arrangements  for  hotel,  transportation  and  Pullman  car  accommo- 
dations should  be  made  personally.  * 

For  members  and  guests  attending  the  Annual  Meeting  in  New 
York,  December  5-8,  1911,  the  special  rate  of  a  fare  and  three-fifths 
for  the  round  trip,  on  the  certificate  plan,  is  granted  when  the  regular 
fare  is  75  cents  and  upwards,  from  territory  specified  below. 

a  Buy  your  ticket  at  full  fare  for  the  going  journey,  between 
December  1  and  7  inclusive,  and  get  a  certificate,  not  a 
receipt,  securing  these  at  least  half  an  hour  before  the 
departure  of  the  train. 
b  Certificates  are  not  kept  at  all  stations.  If  your  station 
agent  has  not  certificates  and  through  tickets,  he  will 
tell  you  the  nearest  station  where  they  can  be  obtained. 
Buy  a  local  ticket  to  that  point  and  there  get  your  cer- 
tificate and  through  ticket. 
c  On  arrival  at  the  meeting,  present  your  certificate  to  the 
registration  desk  at  the  Headquarters.  A  fee  of  25 
cents  will  be  collected  for  each  certificate  validated.  No 
certificate  can  be  validated  after  December  8. 
d  An  agent  of  the  Trunk  Line  Association  will  validate  certifi- 
cates, Dec.  6,  7,  8.  .No  refund  of  fare  will  be  made  on 
account  of  failure  to  have  certificate  validated. 
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e  One-hundred  certificates  and  round  trip  tickets  must  be 
presented  for  validation  before  the  plan  is  operative.  This 
makes  it  important  to  show  the  return  portion  of  your 
round  trip  ticket  at  Headquarters. 
/  If  certificate  is  validated,  a  return  ticket  to  destination  can 
be  purchased,  up  to  Dec.  12,  on  the  same  route  over  which 
the  purchaser  came,  at  three-fifths  the  rate. 
This  special  rate  is  granted  only  for  the  following: 

Trunk  Line  Association: 

All  of  New  York  east  of  a  line  running  from  Buffalo  to  Salamanca,  all  of 
Pennsylvania  east  of  the  Ohio  River,  all  of  New  Jersey,  Delaware  and  Mary- 
land; also  that  portion  of  West  Virginia  and  Virginia  north  of  a  line  running 
through  Huntington,  Charleston,  White  Sulphur  Springs,  Charlottesville, 
and  Washington,  D.  C. 

PROGRAM 

TUESDAY,  DECEMBER  5 

Opening  Session,  8.30  p.m. 

Presidential  Address:  The  Engineer  in  The  Future,  Col.  E.  D.  Meier. 
Report  of  Tellers  of  Election  of  Officers. 
Introduction  of  President-Elect. 

President's  reception  in  the  rooms  of  the  Society.  All  members  and  guests 
invited.    Music  and  refreshments. 

WEDNESDAY,  DECEMBER.  6 

Business  Meeting,  10.00  a.m. 

Annual  business  meeting.  Reports  of  Council,  tellers  of  election  of  member- 
ship, standing  and  special  committees.  Amendment  to  Constitution  under 
C  57  relating  to  the  financing  of  geographical  and  professional  sections. 
Announcement  of  sub-committees  of  the  Committee  on  Meetings.  New  business. 

Professional  Session 

The  Turret  Equatorial  Telescope,  James  Hartness,  member  of  Council, 
Expense  Burden:  Its  Incidence  and  Distribution,  Sterling  H.  Bunnell. 
Standard  Cross-Sections,  H.  de  B.  Parsons. 

Professional  Session,  2  p.m. 

Tests  of  Large  Boilers  at  the  Detroit  Edison  Company,  D.  S.  Jacobus. 
Strain  Measurements   of   Some   Steam   Boilers   under   Hydrostatic 
Pressures,  James  E.  Howard. 

Herringbone  Gears,  P.  C.  Day. 
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Simultaneous  Session,  Cement  Manufacture 

This  session  will  be  in  charge  of  the  Sub-Committee  on  Cement  Manufacture. 
A  number  of  papers  on  important  phases  of  the  subject  will  be  presented. 

Reception,  4-00  to  6.00  p.m. 

Reception  by  the  Ladies'  Committee  to  the  members  and  ladies,  in  the  rooms 
of  the  Society.    Music  and  refreshments. 

Lecture,  8.00  p.?n. 

Address:  Geo-Dynamics,  or  the  Mechanics  of  the  Formation  of 
Worlds,  Dr.  Robert  Simpson  Woodward,  President  of  the  Carnegie  Institu- 
tion, Washington,  D.  C. 


THURSDAY,  DECEMBER  7 
Professional  Session,  10.00  a.m. 

The  Core  Room:  Its  Equipment  and  Management,  Henry  M.  Lane. 
Tests  of  a  Sand-Blasting  Machine,  W"m.  T.  Magruder. 

(Contributed  by  Sub-Committee  on  Machine  Shop  Practice) 
Die  Castings,     Amasa  Trowbridge. 

Variable-Speed  Powder  Transmission,  G.  H.  Barrus  and  C.  M.  Manly. 
(Illustrated  with  working  models) 

Simultaneous  Session,  Gas  Power  Ses.sion 

Oil  Engines,  H.  R.  Setz. 

Test  of  an  85-H.P.  Oil  Engine,  Forrest  M.  Towl. 
Design  Constants  for  Small  Gasolene  Engines,  Wm.  D.  Ennis. 
1000-Kw.  Natural  Gas  Engine:  Tests,   Construction  and  Working 
Costs,  E.  D.  Dreyfus  and  V.  J.  Hulquist. 

Excursions,  1.30  p.m. 

Inspection  of  the  White  Star  S.  S.  Olympic,  1.30  to  2.30  p.m. 
Technical  excursions  to  points  of  engineering  interest,  to  be  arranged  by 
the  Committee. 

Reunion,  9.00  p.m. 
Reunion  of  the  membership  in  Hotel  Astor.     Dancing  and  Refreshments. 

FRIDAY,  DECEMBER  8 

Professional  Session,  10.00  a.m. 

The  Development  of  the  Textile  Industries  of  the  United  States, 
Frank  W.  Reynolds. 

(Contributed  by  Sub-Committee  on  Textiles) 
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Rational  Psychrometric  Formulae:  Their  Relation  to  the  Problems 
OF  Meteorology  and  of  Air  Conditioning,  W.  H.  Carrier. 

Air-Conditioning  Apparatus,  W.  H.  Carrier  and  F.  L.  Busey. 

Experiences  with  the  Pitot  Tube  on  High  and  Low  Air  Velocities, 
Frank  H.  Kneel  and. 

Technical  Excursions,  2.00  'p.m. 

Visits  to  various  points  of  engineering  interest,  including  the  Brooklyn  Navy 
Yard,  Edison  Laboratory,  Bush  Terminal,  E.  W.  Bliss  Company,  Hotel  Aster 
plant,  and  the  Ward  bread  bakeries. 

Organization  of  Committees 
COMMITTEE  ON  MEETINGS 

L.  R.  PoMEROY,  Chairman 
C.  E.  LucKE  W.  E.  Hall 

H.  deB.  Parsons  C.  J.  H.  Woodbury 

MEETINGS  OF  THE  SOCIETY  IN  THE  NEW  YORK 

Walter  Rautenstrauch,  Chairman 
F.  A.  Waldron,  Secy,  and  Treas. 
F.  H.  CoLviN  Edw.  Van  Winkle 

R.  V.  Wright 

COMMITTEE  ON  WAYS  AND  MEANS 
Frederick  A.  Waldron,  Chairman 
Geo.  M.  Baspord  Harrington  Emerson 

Walter  L.  Clark  J.  W.  Libb,  Jr. 

Wm.  T.  Donnelly  Walter  M.  McFarland 

Chas.  a.  Moore 

committee  on    PRESIDENT'S   RECEPTION 
George  J.  Foran,  Chairman 

R.  S.  Allyn  Chas.  Kirchhofp 

R.  P.  Bolton  J.  W.  Lieb,  Jh. 

H.  R.  Cobleigh  E.  W.  Marshall 

S.  D.  Collett  F.  J.  Miller 

Maurice  Coster  Alfred  Noble 

W.  N.  Dickinson  F.  E.  Rogers 

Lester  G.  French  W.  Schwanhausser 

Willis  E.  H.^ll  Theo.  Stebbins 

H.  A.  Hey  '  W.  R.  Warner 

W.  D.  Hoxie  I.  H.  Woolson 

W.  H.  Kenyon  R.  V.  Wright 

COMMITTEE  ON  REUNION 
F.  A.  Scheffler,  Chairman 

C  W.  Aiken  F.  E.  Rogers 

L.  P.  Alford  E.  W.  Rutherford 

A.  R.  Baylis  J.  C.  Schabpfler 

L.  G.  French  E.  A.  Sperry 

H.  L.  Gantt  Theo.  Stebbin3 

H.  O.  Pond  J.  W.  Thomas 

K.  .1.  PlU.VDLK  F.  A.   Waldrox 
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COMMITTEE  ON  EXCURSIONS 

Walter  RAurEN8TR\ncH,  Chairmin 

ACQUAINTANCESHIP  COMMITTEE 
Rot  V.  Wright,  Chairman 


Afternoon 
C.  J.  Morrison,  Sub-Chairman 
Lawrenxe  Addicks 
F.  E.  Eberhardt 
R.  E.  Fox,  Jr. 
H.  L.  Gantt 
J.  D.  Maguire 

E.  J.  Prindle 

F.  E.  Rogers 


Morning 
J.  A.  KiNKEAD,  Sub-Chairman 
L.  D.  Burlingame 
W.  R.  Dunn 
M.  p.  Fiixingham 
T.  M.  Keith 
H.  P.  Mekriam 

F.  J.  MiLLEK 

Fitz-William  Sargent 


Tuesday 


Wednesday 


EveniTig 
L.  A.  Shepard,  Sub-Chairman 

H.   R.  COBLEIGH 

W.  C.  Douglas 

C.  I.  Earll 

H.  S.  IIayward,  Jr. 

F.  R.  Hutton 

M.  C.  Maxwell 

C.  W.  Obert 

C.  F.  Scott 

Afternoon 
F.  H.  Stillman,  Sub-Chairman 
H.  H.  Barnes,  Jr. 
H.  D.  Gordon 
P.  C. Idell 
J.  P.  Ilsley 
A.  C.  Jackson 
H.  F.  J.  Porter 

W.  S.  TiMMIS 


Thursday  Morning 
J.  J.  McKee,  Sub-Chairman 
W.  W.  Christie 
A.  Falkenau 
J.  W.  LiEB,  Jr. 
W.  M.  McFarland 
C. H.  Parson 
H.  B.  Prout 
E.  A.  Stillman 
L.  A.  Whitcomb 


Friday  Morning 
HosEA  Webster,  Sub-Chairman 
A.  F.  Ganz 
F.  A.  Haughton 
J.  W.  Nelson 
N.  B.  Payne 

W.  W.  RiCKER 

J.  M.  B.  Scheele 
M.  M.  Upson 

I.  H.  WOOLSON 


LADIES'  RECEPTION  COMMITTEE 


Mrs.  Jesse  M.  Smith,  Chairman 


Mrs.  L.  p.  Alford 
Mrs.  Robert  S.  Allyn 
Mrs.  C.  Kemble  Baldwin 
Mrs.  Frank  H.  Ball 
Mrs.  G.  H.  Barbour 
Mrs.  Arthur  R.  Baylis 
Mrs.  Ch.\s.  H.  Bigelow 
Mrs.  Wm.  H.  Boehm 
Mrs.  L.  B.  Bonnett 
Mrs.  S.  H.  Bunnell 
Mrs.  F.  T.  Chapman 
Mrs.  W.  W.  Christie 
Mrs.  Edward  Ciardi 
Mrs.  J.  V.  V.  Colwell 
Mrs.  C.  H.  Corbett 
Mrs.  C.  a.  Dawley 
Mrs.  George  Dinkel 
Mrs.  Harrington  Emerson 


Mrs. 
Mrs. 
Mrs. 
Mrs. 
Mrs. 
Mrs. 
Mrs. 
Mrs. 
Mrs. 
Mrs. 
Mrs. 
Mrs. 
Mrs. 
Mrs. 
Mrs. 
Mrs. 
Mrs. 
Mrs. 


Wm.  D.  Ennis 
F.  A.  Errington 
Chas.  H.  E'ssthand 
Geo.  L.  Fowler 
R.  E.  Fox,  Jr. 
Nelson  E.  Funk 
"F.  deR.  Furman 
H.  L.  Gantt 
Albert  F.  Ganz 
A.  H.  Goldingham 

F.  A.  Halsey 

G.  a.  Harris 
David  L.  Hough 
W.  D.  Hoxie 
Wm.  F.  Hunt 
Harry  C.  Hutchins 
F.  R.  Hutton 

D.  S. Jacobus 
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Mrs.  Wm.  H.  Kenyon 
Mrs.  G.  L.  Knight 
Mrs.  Nixon  Lee 
Mrs.  S.  H.  Libby 
Mrs.  John  W.  Lieb,  Jr. 
Mrs.  F.  R.  Low 
Mrs.  W.  W.  Macon 
Miss  Clara  E.  Meier 
Miss  M.  Alice  Meier 
Mrs.  Wm.  H.  McKievbr 
Mrs.  B.  M.  Mitchell 
Mrs.  Samuel  L.  Moore 
Mrs.  C.  W.  Obbrt 
Mrs.  Chas.  H.  Parson 
Mrs.  Nathan  B.  Payne 
Mrs.  H.  O.  Pond 
Mrs.  W.  R.  Porter 


Mrs.  Sidney  A.  Reeve 
Mrs.  Calvin  W.  Rice 
Mrs.  J.  M.  Robinson 
Mrs.  a.  B.  See 
Mrs.  Augustus  Smith 
Mrs.  a.  Parker  Smith 
Mrs.  Theodore  Stebbins 
Mrs.  p.  V.  Stephens 
Mrs.  H.  H.  Suplee 
Mrs.  W.  S.  Timmis 
Mrs.  H.  G.  Torrey 
Mrs.  Gustave  R.  Tuska 
Mrs.  Maxwell  M.  Upson 
Mrs.  C.  R.  Wight 
Mrs.  Jas.  Edw.  Wilson 
Mrs.  Ira  H.  Woolson 
Mrs.  Roy  V.  Wright 


COMING  MEETINGS 

ST.  LOUIS  MEETING,  DECEMBER  15 

The  Society  will  join  with  the  St.  Louis  Sections  of  the  American 
Institute  of  Electrical  Engineers  and  of  the  American  Society  of  Civil 
Engineers,  and  with  the  American  Society  of  Engineering  Contrac- 
tors, in  a  dinner  to  be  given  under  the  auspices  of  the  Engineers  Club, 
on  December  15  in  the  club  rooms. 

BOSTON  MEETING,  DECEMBER  20 

A  meeting  of  the  Boston  Section  of  the  American  Institute  of  Elec- 
trical Engineers  will  be  held  in  Boston,  on  December  20,  in  which 
the  members  of  the  Society  and  of  the  Boston  Society  of  Civil  Engi- 
neers will  cooperate.  A  paper  will  be  presented  by  W.  L.  R.  Emmett, 
Mem.Am.Soc.M.E.,  engineer  of  the  lighting  department.  General 
Electric  Comoany,  Schenectady,  N.  Y.,  on  the  Electric  Propulsion 
of  Ships. 
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CURRENT  AFFAIRS  OF  THE  SOCIETY 

The  activities  of  the  Society  can  best  be  judged  from  the  reports 
of  the  Standing  Committees  to  the  Council,  to  be  presented  at  the 
Annual  jVIeeting. 

The  work  of  the  Committee  on  Meetings  and  of  the  Publication 
Committee  has  been  so  fully  referred  to  in  The  Journal  from  month 
to  month,  in  comiection  with  the  development  of  plans  for  the  meet- 
ings and  with  the  publication  of  the  annual  volume  of  Transactions 
and  of  the  Journal  itself,  that  they  need  not  here  be  dealt  with  at 
length.  The  appointment  of  the  sub-committees  by  the  Committee 
on  Meetings,  to  be  annomiced  at  the  Annual  Meeting,  will  mark  one 
of  the  most  important  forward  movements  that  the  Society  has  ever 
midertaken.  Plans  are  also  under  way  in  connection  with  The  Jour- 
nal for  its  development  beyond  the  point  of  containing  simply  the 
proceedings  of  the  Society,  making  it  a  periodical  on  mechanical 
engineermg. 

The  Public  Relations  Committee  reports  its  work  in  connection 
with  the  proposed  bill  for  licensmg  engineers,  before  the  New  York 
Legislature.  The  bill  was  opposed  on  the  ground  that  if  one  State 
should  pass  such  a  law,  other  States  would  be  likely  to  follow  with 
bills  lacking  uniformity  in  their  requirements,  thus  imposing  a  bur- 
den on  the  profession. 

During  the  year  the  Research  Committee  has  compiled  lists  of  all 
laboratories  available  for  engineermg  investigation,  in  the  hope  of 
miifying  the  work  undertaken  and  of  collating  the  results.  It  is 
proposed  to  form  a  sub-committee  on  Safety- Valve  Investigation. 

The  House  Committee  has  had  the  care  of  the  Society  rooms  con- 
tinuously in  hand,  and  the  collection  of  pictures  of  Past-Presidents 
and  Honorary  Members  has  been  enlarged,  forming  a  notable  col- 
lection. 

The  Membership  Committee  has  as  usual  performed  faithfully 
its  arduous  task  of  reviewing  the  applications  for  membership,  over 
200  having  been  added  to  the  Society  during  the  year.  To  the  Com- 
mittee's efforts  is  largely  due  its  high  standard  of  membership. 

The  report  of  the  Finance  Committee,  appearing  in  the  current 
issue  of  The  Journal,  indicates  the  substantial  success  of  the  Society 
in  financial  matters. 

11 
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Committee  activity  in  this  Society  has  never  before  been  so  prom- 
ising as  now,  showing  a  live  interest  in  its  affairs  on  the  part  of 
increasingly  large  nmnber  of  members.  Besides  the  Standing  Com- 
mittees there  are  sixteen  sub-committees  and  the  various  committees 
on  meetings  in  the  different  cities;  and  to  these  will  soon  be  added 
the  sub-committees  of  the  Committee  on  Meetings  about  to  be  formed. 
Of  the  special  committees,  that  recently  appointed  to  formulate 
standard  specifications  for  the  construction  of  steam  boilers  and  other 
pressure  vessels  and  for  care  of  same  in  service,  is  undertaking  an 
unusually  broad  work.  It  is  intended  to  prepare  a  code  which  will  be 
sul)mitted  to  engineers  throughout  the  world,  thus  making  it  interna- 
tional in  its  scope  and  authoritative. 

AUTOBIOGRAPHY  OF  JOHN  FRITZ 

Many  members  and  friends  of  the  Society  will  be  interested  to 
learn  of  the  publication  of  a  de  luxe  edition  of  the  Autobiography  of 
John  Fritz,  the  notedsteel  manufacturer,  Honorary  Member  and  Past- 
President  of  the  Society.  This  edition,  which  will  be  limited  to 
200  copies,  will  be  uniform  in  size  with  the  Transactions  of  the  Society, 
bound  in  dark  green  full  Persian  morocco,  and  will  contain  a  photo- 
gravure portrait  of  the  author  and  many  other  illustrations. 

Mr.  Fritz  dedicates  the  account  of  his  life  and  achievements  to  the 
"loyal,  able,  brave  and  fearless  men  who  so  faithfully  stood  by  me 
throughout  my  career.  To  them  all,  in  whatever  capacity  employed, 
I  am  ever  grateful,  and  I  should  like  to  call  each  one  by  name  and  to 
thank  them  personally,  from  the  depth  of  my  heart,  for  their  most 
valuable  assistance  and  for  the  uniform  kindness  they  have  ever  shown 
me.  They  deserve  the  plaudits  of  the  country  for  the  innumerable 
blessings  they  have  conferred  in  performing  the  great  amount  of 
mental  and  physical  labor  necessary  in  accomplishing  the  marvelous 
changes  and  wonderful  results  that  have  marked  the  development  of 
the  iron  and  steel  business  from  my  first  connection  with  it  some 
seventy  years  ago." 

In  the  preface  to  the  book,  Mr.  Fritz  says  that  the  book  has  been 
written  wholly  to  satisfy  the  persistent  urging  of  a  number  of  old 
friends,  who  insisted  on  his  writing  out  for  them,  in  his  own  words, 
an  account  of  his  life  struggles;  and  that  the  publication  of  the  auto- 
biography before  his  death  is  owing  to  the  fact  that,  against  his 
wishes,  these  good  friends  would  not  wait  for  it,  but  insisted  on  having 
it  now.     He  warns  his  readers  not  to  expect  fine  language  nor  elo- 
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quent  periods,  but  only  the  honest  record  of  the  hard-working  life 
of  one  who  loves  his  country  and  his  fellowmen  and  who  has  tried  to 
serve  them  both. 

The  volume  is  expected  to  be  ready  for  distribution  about  Decem- 
ber 20. 

LETTERS    OF   ACKNOWLEDGMENT 

The  following  letters  of  acknowledgment  have  been  received  relat- 
ing to  the  Engrossed  Resolutions  of  Thanks  sent  to  The  Institution 
of  Mechanical  Engineers,  and  to  the  recent  election  to  Honorary 
Membership  m  the  Society  of  John  A.  F.  Aspinall,  Past-President  of 
the  Institution: 

Storey's  Gate,  St.  James's  Park,  Westminster,  S.  W. 
October  5,  1911 
My  dear  Sir: 

I  have  to  convey  to  you  as  President  of  The  American  Society  of  Mechanical 
Engineers,  both  on  my  own  behalf  as  well  as  for  my  colleagues  on  the  Council, 
and  the  Members  generally  of  The  Institution  of  Mechanical  Engineers,  our 
most  cordial  thanks  for  the  beautifully  engrossed  Resolution  which  your  Society 
has  been  so  kind  to  send  to  our  Institution. 

At  the  same  time  I  desire  to  assure  you  that  we  all  most  thoroughly  endorse 
the  satisfaction  which  you  have  expressed  as  to  the  cordial  and  harmonious 
relations  of  our  two  Societies.  I  can  assure  you  of  the  great  value  we  attach  to 
this  appreciation  of  the  benefits  which  attend  the  interchange  of  professional 
ideas  and  the  accompanying  pleasant  social  side  of  such  Meetings  as  those  held 
in  Birmingham  and  London  in  1910. 

I  may  add  that  in  order  to  ensure  that  these  sentiments  may  be  shared  by  all 
our  members,  wherever  they  may  have  their  homes,  it  is  intended  to  publish  a 
copy  of  the  engrossed  Resolution  in  an  early  volume  of  our  Proceedings. 

I  am,  dear  Sir, 

Yours  faithfully, 

E.  B.  Ellington,  President 

Gledhill,  Mossley  Hill  Drive,  Liver-pool 
October  8,  1911 
My  dear  Sir: 

It  was  with  very  great  pleasure  that  I  received  your  letter  of  September 
26th  announcing  to  me  that  your  Council  had  unanimously  elected  me  an 
Honorary  Member  of  The  American  Society  of  Mechanical  Engineers. 

I  beg  that  you  will  convey  to  your  Council  my  warmest  thanks  and  my  great 
appreciation  of  the  honour  which  they  have  done  to  me. 

It  is  one  more  evidence  of  the  kindly  feeling  which  exists  between  the  two 
great  English  speaking  Societies  of  Mechanical  Engineering. 

I  am  satisfied  that  my  colleagues  on  the  Council  of  The  Institution  of  Me- 
chanical P]ngineers  will  be  as  much  gratified  as  I  am  at  the  action  which  your 
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Council  have  taken,  and  I  can  assure  you  that   I  accept  the  honour  with 
the  fullest  knowledge  of  its  value. 

Yours  faithfully, 

John  A.  F.  Aspinall 

Storey's  Gate,  St.  James's  Park,  Westminster,  S.  W. 
October  26,  1911 

Dear  Mr.  Rice: 

I  am  sure  that  you  will  like  to  know  that  when  I  read  your  letter  of  the  26th 
September  to  the  Council  at  their  recent  Meeting,  they  appreciated  the  action 
of  the  Council  of  The  American  Society  of  Mechanical  Engineers  in  electing 
Mr.  Aspinall  an  Honorary  Member  of  the  Society.  They  welcomed  the  news 
as  a  well  merited  distinction  for  their  Past-President. 

I  am, 
Youra  very  truly 

Edgar  Worthington 

VISIT   OF    SIR   WILLIAM   H.    WHITE 

An  important  event  during  the  past  month  has  been  the  visit  of 
Sir  Wilhani  H.  White,  Honorary  Member  of  the  Society,  to  the 
United  States,  to  receive  the  John  Fritz  Medal  awarded  by  the  John 
Fritz  Medal  Board  composed  of  representatives  of  the  four  national 
societies  of  civil,  mining,  mechanical  and  electrical  engineering. 

Sir  William  H,  White  is  popularly  associated  in  the  minds  of  the 
American  public  with  the  design  of  the  Mauretania,  which  makes  the 
trip  from  Queenstown  to  New  York  in  four  days  and  ten  hours,  an 
unequalled  record.  Apprenticed  at  the  age  of  fourteen  to  the  master 
shipwright  at  the  royal  dockyards  at  Devonport,  England,  where  he 
gained  both  practical  knowledge  of  construction  and  a  technical 
training  from  the  school  attached  to  the  yards,  he  entered  at  the  age 
of  nineteen  the  Royal  School  of  Naval  Architecture  in  London,  stand- 
ing first  in  the  competitive  examination  for  admission.  Immediately 
after  his  graduation,  he  became  a  member  of  the  staff  of  the  Admir- 
alty, and  for  several  years  was  largely  engaged  in  the  construction 
of  the  types  of  warships  then  regarded  as  the  most  advanced.  He 
left  the  Admiralty  to  become  the  head  of  the  warship  department  of 
one  of  the  largest  shipbuilding  firms  in  England,  and  was  the  designer 
of  warships  for  several  of  the  largest  navies  of  the  world.  Our  own 
navy  is  directly  indebted  to  him  for  plans  from  which  the  cruisers 
Charleston  and  Baltimore,  the  real  beginning  of  our  modern  navy, 
were  built.  He  resigned  this  work  at  personal  sacrifice  to  become 
Director  of  Naval  Construction  in  the  British  Navy,  where  he  served 


SOCIETY   AFFAIRS  15 

for  thirty  years.     During  thr.t  time  174  ships  were  built  from  his 
designs. 

Sir  William  H.  White  has  been  an  Honorary  Member  of  the  Society 
for  more  than  ten  years.  He  last  visited  the  Society  at  the  Spring 
Meeting  held  in  Atlantic  City  in  1910,  when  he  came  as  an  emissary 
from  The  Institution  of  Mechanical  Engineers,  to  complete  the 
plans  for  the  meeting  of  the  Society  with  the  Institution,  held  in 
July  of  that  year  in  England. 

Members  of  the  Council  who  were  entertained  by  Sir  William  H. 
White  during  the  meeting  in  England,  gave  a  dinner  in  his  honor, 
as  well  as  to  Lady  White  and  Miss  White  who  accompanied  Sir  Wil- 
liam on  his  visit,  on  Monday  evening,  November  20,  at  the  St.  Regis. 
A  number  of  the  hosts  came  from  a  considerable  distance  in  order 
to  be  present,  and  covers  were  set  for  about  thirty.  Charles  Whiting 
Baker,  chairman  of  the  committee  of  arrangements,  acted  as  toast- 
master,  and  called  upon  George  Westinghouse,  Past-President  of 
the  Society,  to  offer  to  Sir  William  the  toast,  "He  has  brought  Eng- 
land and  America  one  day  nearer  together."  E.  D.  Meier,  President, 
offered  a  toast  to  Lady  White,  and  Miss  White  was  called  upon  by 
Ambrose  Swasey,  Past-President,  to  respond  to  the  toast  of  "the 
White  Rose  of  England." 

Calvin  W.  Rice,  Secretary 


REPORTS  OF  MEETINGS 
JOHN  FRITZ  MEDAL  AWARD 

The  John  Fritz  Medal,  founded  in  1902  to  perpetuate  the  memory 
of  the  steel  pioneer  whose  name  it  bears,  and  Avhich  is  annually 
awarded  by  a  Board  made  up  of  four  representatives  from  each  of  the 
national  societies,  the  American  Society  of  Civil  Engineers,  the 
American  Institute  of  Mining  Engineers,  The  American  Society  of 
Mechanical  Engineers,  and  the  American  Institute  of  Electrical  Engi- 
neers, was  on  November  17,  1911,  formally  bestowed  for  notable 
achievements  in  naval  architecture,  on  Sir  William  H,  White,  Hon. 
Mem.Am.Soc.M.E.,  former  chief  constructor  of  the  British  Navy, 
and  the  designer  of  the  Mauretania.  This  is  the  eighth  award  of  the 
Medal,  John  Fritz,  Lord  Kelvin,  George  Westinghouse,  Alexander 
Graham  Bell,  Thomas  Alva  Edison,  Charles  T.  Porter  and  Alfred 
Noble  having  been,  in  the  order  named,  the  former  recipients. 

The  occasion  of  the  presentation  was  the  annual  dinner  of  the  Soci- 
ety of  Naval  Architects  and  Marine  Engineers,  held  in  the  grand 
ballroom  of  the  Waldorf-Astoria.  Stevenson  Taylor,  president  of  the 
society,  acted  as  toastmaster  and  the  award  of  the  Medal  was  made 
by  Onward  Bates,  Past-President  of  the  American  Society  of  Civil 
Engineers,  Chairman  of  the  Board  of  Award.  Sir  William  H.  White 
in  accepting  the  medal,  expressed  his  appreciation  of  the  honor  which 
it  conveyed,  and  spoke  particularly  of  his  admiration  for  John  Fritz 
who  was  present  at  the  gathering.  Sir  William  told  of  his  own  career 
and  in  closing  said  that  the  memory  of  the  occasion  would  always 
remain  with  him. 

The  evening  concluded  with  a  reception  to  Mr.  Fritz,  now  in  his 
ninetieth  year.  Secretary  of  the  Nav}^  Meyer  was  the  principal 
speaker  at  the  dinner. 

SAN  FRANCISCO  MEETING,  NOVEMBER  2 

A  meeting  of  the  Society  in  San  Francisco  was  held  on  November 
2,  members  of  the  American  Society  of  Civil  Engineers,  the  American 
Institute  of  Electrical  Engineers,  the  Pacific  Coast  Gas  Association, 
the  Mining  and  Metallurgical  Society  of  America,  the  American  Insti- 
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tuto  of  Mining  Engineers,  the  American  Cheniieal  Society,  and  the 
Technical  Society  of  the  Pacific  Coast,  cooperating.  The  topic  con- 
sidered was  the  projected  Engineering  Congress  in  1915  and  the  fol- 
lowing resolution  was  adopted: 

Resolved:  That  a  meeting  of  delegates  from  the  various  Amcriv_  an  engineer- 
ing societies  shall  be  held  in  San  Francisco  on  January  15,  1912,  for  the  pur- 
pose of  formulating  plans  for  holding  an  International  Engineering  Congress 
in  conjunction  with  the  Panama-Pacific  Exposition  in  San  Francisco  during 
the  year  1915;  that  each  society  represented  at  this  meeting  be  invited  to 
send  three  delegates  to  this  conference;  and  that  the  chairman  and  secretary 
of  this  meeting  be  authorized  in  their  discretion  to  invite  other  American 
engineering  or  technical  societies  not  represented  at  this  meeting,  to  partici- 
pate. 

ST.  LOUIS  MEETING,  NOVEMBER  11 

The  members  of  the  Society  in  St.  Louis  held  a  business  meeting 
preceded  by  an  informal  dinner  at  the  Mercantile  Club,  St.  Louis, 
on  November  11.  At  this  meeting  the  availability  of  prospective 
applicants  was  discussed  and  other  routine  matters  considered. 

NEW  YORK  MEETING,  NOVEMBER  14 

A  well-attended  and  interesting  meeting  of  the  Society  on  the  sub- 
ject of  Welding,  was  held  in  the  Engineering  Societies  Building  on 
November  14.  Papers  on  the  subject  were  presented  by  H.  R. 
Cobleigh,  Mem.Am.Soc.M.E.,  International  Steam  Pump  Company, 
New  York,  who  gave  a  general  accomit  of  the  processes  employed 
and  the  progress  which  had  been  made  with  them,  with  considerable 
stress  also  on  the  flame  process;  by  G.  E.  Pelissier,  Assoc. Am. Soc. 
M.E.,  Goldschmidt  Thermit  Company,  New  York;  and  C.  B.  Auel, 
assistant  manager  of  works  of  the  Westinghouse  Electric  and  Manu- 
facturing Company,  the  former  treating  the  thermit  process  and 
the  latter  electric  welding. 

In  the  discussion,  electric  resistance,  electric  arc,  thermit,  oxy- 
acetylene  and  oxy-hydrogen  welding  were  dealt  with,  the  fields  of 
application,  costs  of  work,  how  difficult  work  may  be  accomplished, 
and  the  advantage  of  special  features  of  apparatus,  being  taken  up 
under  each  of  these  divisions.  The  papers  and  discussions  were  well 
illustrated  with  lantern  slides,  Mr.  Pelissier  presenting  a  series  of 
moving  pictures  which  showed  the  process  under  consideration  very 
clearly. 
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Those  who  discussed  the  paper  were:  W.  H.  Brown,  Mem.Am.Soc. 
M.E.,  of  Cleveland,  Ohio;  W.  H.  Spire,  Electric  Welding  Products 
Company;  J.  D.  Mooney,  The  American  Machinist,  New  York; 
Henry  Cave,  Autogenous  Welding  Equipment  Company,  Spring- 
field, Mass.;  W.  E,.  Noxon,  Davis-Bournonville  Company,  New  York; 
W.  H.  Levin,  International  Oxygen  Company;  W.  J.  Fritz,  Linde 
Company;  F.  A.  Saylor,  Walter  McCloud  Company,  Cincimiati, 
Ohio;  J.  F.  Sprmger,  New  York;  Hugo  Lieber,  Blau  Gas  Company  of 
America,  New  York;  E.  B.  Katte,  Mem.  Am.Soc.M.E.,  chief  engi- 
neer of  electric  traction,  New  York  Central  and  Hudson  River  Rail- 
road; C.  B.  Auel,  East  Pittsburgh,  Pa.;  Mr.  Merrihew;  T.  S.  Ten- 
ney,  New  York;  Harry  Harbison,  Simmons  Pipe  Bending  Works, 
Newark,  N.  J.;  C.  J.  Nyquist,  Davis-Bournonville  Company,  New 
York. 

NEW  HAVEN  MEETING,  NOVEMBER  1.5 

The  members  of  the  Society  in  New  Haven  held  a  meeting  in  the 
Mason  Laboratory  of  Mechanical  Engineermg  on  November  15,  with 
afternoon  and  evening  sessions.  E.  S.  Cooley,  Mem.  Am.Soc.M.E., 
of  the  Comiecticut  Company,  New  Haven,  acted  as  chairman  of 
the  afternoon  session  and  conducted  a  brief  business  meeting.  Papers 
were  presented  on  the  Cost  of  Power.  These  included,  A  Suction 
Producer  Gas  Plant  in  a  Lumber  Mill,  by  A.  W.  Honywill,  Jr.,  which 
was  discussed  by  E.  S.  Cooley,  J.  H.  Norris,  Frank  B.  Perry,  Geo. 
A.  Orrok  and  F.  L.  Bigelow;  The  Cost  of  Power  from  a  125-h.p. 
Hornsby-Akroyd  Oil  Engine,  F.  P.  Pfleghar  and  E.  H.  Lockwood, 
discussed  by  W.  S.  Hudson,  Geo.  A.  Orrok,  H.  L.  Isbell,  and  Messrs. 
Krah  and  Risteen;  The  Present  Status  of  the  Small  Steam  Turbine, 
W.  J.  A.  London,  discussed  by  F.  R.  Low,  W.  S.  Huson,  J.  H.  Norris, 
L.  P.  Breckenridge  and  E.  S.  Cooley. 

The  afternoon  session  adjourned  at  five  o'clock  for  inspection  of 
the  laboratory,  and  dinner  was  served  in  the  Yale  Dining  Club. 

At  the  evening  session,  L.  P.  Breckenridge,  Mem.Am.Soc.M.  E., 
professor  of  Mechanical  Engineering,  Yale  University,  presided,  and 
introduced  Col.  E.  D.  Meier,  President  of  the  Society,  who  gave  an 
address  of  welcome.  He  was  followed  by  Chas.  F .  Scott,  Mem.Am. 
Soc.M.E.,  New  Haven,  Conn.,  who  gave  an  illustrated  lecture  on 
the  Hartford  Electric  Light  Company:  its  Power  Plant,  Distribution 
System  and  Public  Service.  More  than  100  were  in  attendance  at 
the  meeting. 
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BOSTON  MEETING,  NOVEMBER  16 

A  meeting  of  the  Society  was  held  in  Boston  on  November  16, 
the  Boston  Societ}'  of  Civil  Engineers  and  the  Boston  section  of  the 
American  Institute  of  Electrical  Engineers  cooperating.  Charles 
L.  Norton,  associate  professor  of  physics  at  the  Massachusetts  Insti- 
tute of  Technology,  Mem.Am.Soc.M.E.,  presented  a  paper  on  the 
subject  of  Some  Refractory  Substitutes  for  Wood,  which  told  of  the 
fire  loss  in  this  country  due  to  the  use  of  a  large  amount  of  rapid 
burning  material  in  buildings,  and  outlined  the  various  attempts 
made  by  different  scientists  to  produce  some  satisfactory  substitute. 
Professor  Norton's  own  invention  was  described  and  full  size  sam- 
ples of  various  manufactured  articles  were  submitted.  Lantern 
slides  were  used  in  describing  the  process  of  manufacture. 

The  paper  was  discussed  by  F,  E.  Cabot  of  the  Boston  Board  of 
Fire  UnderwTiters ;  W.  L.  Puffer,  consulting  engineer,  Boston;  F.  F. 
Jonsberg,  contractor  and  builder;  G.  K.  Manson,  consulting  engi- 
neer with  New  England  Telegraph  and  Telephone  Company,  Boston, 
Mass.;  F.  A.  Waldron,  Mem.Am.Soc.M.E.,  New  York;  Chas.  T.  Main, 
Mem.Am.Soc.M.E.,  Boston.  Written  discussion  was  contributed  by 
L.  H.  Kunhardt,  vice-president  and  engineer  of  the  Boston  Manu- 
facturers' Mutual  Fire  Insurance  Company;  H.  O.  Lacount,  Mem. 
Am.Soc.M.E.,  engineer  of  the  Associated  Factory  Mutual  Fire  In- 
surance Companies;  C.  J.  H.  Woodbury,  Mem.Am.Soc.M.E.,  con- 
sulting engineer,  Boston;  E.  V.  French,  vice-president  and  engineer 
of  the  ArkwTight  Mutual  Fire  Insurance  Company. 

STUDENT  BRANCHES 

ARMOUR   INSTITUTE    OF   TECHNOLOGY 

The  Student  Branch  of  the  Armour  Institute  of  Technology 
met  on  November  1,  1911,  and  was  addressed  by  A.  J.  Frith, 
Mem.Am.Soc.M.E.,  on  the  Diesel  Engine.  Professor  Frith  de- 
scribed the  action  of  the  engine  in  detail,  with  the  aid  of  cards  and 
diagrams.  The  construction  of  both  the  German  and  American 
types  of  engines  were  taken  up,  and  the  most  important  features 
influencing  their  design  were  explained.  A  number  of  interesting 
pomts  of  a  practical  nature  were  brought  out  during  the  discussion. 
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COLUMBIA    UNIVERSITY 

A  meeting  of  the  Columbia  Student  Branch  was  held  October  27, 
1911,  when  the  subject  of  Mechanical  Engineering  as  Applied  to  the 
Manufacture  of  Shredded  Wheat  was  presented  by  C.  H.  Wilson. 

MASSACHUSETTS    INSTITUTE    OF   TECHNOLOGY 

On  Thursday  evening,  November  2,  Mr.  Weingar  of  the  Studebaker 
Corporation  gave  an  illustrated  lecture  before  the  Mechanical  Engi- 
neering Society  of  the  Massachusetts  Institute  of  Technology,  upon 
Automobile  Construction  at  the  E.  M.  F.  Factories.  The  lecture 
was  illustrated  by  moving  pictures.  The  points  covered  were,  the 
sulphur  and  carbon  test  on  the  iron  and  steel  purchased,  tensile  and 
torsion  tests,  molding,  pouring,  welding,  case-hardening,  drop  forging 
of  several  different  parts,  special  jigs,  multiple  machinery,  such  as  the 
drilling  of  17  holes  simultaneously,  blanking  out  of  the  body,  cylin- 
der boring,  and  the  assembly  of  the  motor  and  the  car.  At  the  close 
of  the  lecture  a  vote  of  thanks  was  extended  to  Mr.  Weingar. 

OHIO    STATE    UNIVERSITY 

On  October  23,  1911,  the  Ohio  State  University  Branch  held  a  meet- 
ing at  which  J.  T.  Hay,  chief  chemist  of  the  Stark  Rolling  Mill 
Company,  Canton,  0.,  spoke  on  the  Effects  of  Improper  Methods  in 
the  Manufacture  of  Iron  and  Steel.  A  discussion  followed  in  which 
Professor  Orton,  E.  A.  Hitchcock,  Mem.Am.Soc.M.E.,  F.  E.  Sanborn, 
Jun.  Am.Soc.M.E.,  and  others  took  part. 

POLYTECHNIC    INSTITUTE    OF   BROOKLYN 

At  a  meeting  of  the  Polytechnic  Student  Branch  on  November  4, 
thirteen  new  members  were  admitted.  The  speaker  of  the  evening 
was  Mr.  Ordway  of  the  Yaryan  Company,  who  gave  a  very  interest- 
ing address  on  Multiple  Effect  Evaporation. 

STEVENS    INSTITUTE    OF   TECHNOLOGY 

At  a  meeting  of  the  Stevens  Engineering  Society  on  October  19, 
addresses  were  delivered  by  Calvin  W.  Rice,  Secretary,  and  Charles 
Whiting  Baker,  Vice-President  of  the  Society.  Mr.  Rice  after  extend- 
ing the  greetings  of  the  Society,  spoke  of  the  exceptional  advantages 
offered  by  membership  in  a  student  branch,  and  expressed  the  hope 
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that  the  stufU^it  iiKMiibers  would  avail  themselves  of  the  privilege  of 
visiting  the  rooms  of  the  Soeiet}'.  Mr.  Baker  took  as  his  subject, 
Reading  for  Engineers,  and  said  that  despite  the  rather  confusing 
w(vilth  of  technical  literature  such  reading  should  not  be  entirely 
neglected.  Mr.  Baker  advised  above  all  a  certain  amount  of  non- 
technical reading,  that  the  engineer  may  not  become  a  mere  computing 
machine. 

At  a  meeting  on  October  26,  G.  L.  Clouser  presented  a  paper  on 
Industrial  Management,  with  Special  Reference  to  the  Development 
of  Labor.  The  paper  made  a  comparison  of  the  various  systems  of 
employment  as  to  their  advantages  and  disadvantages;  and  included 
a  consideration  of  the  worker  and  his  surroundings  and  the  requisites 
for  an  efficient  executive  organization.  An  interesting  discussion 
followed  in  which  many  took  part. 

UNIVERSITY    OF   KANSAS 

A  meeting  of  the  University  of  Kansas  Student  Branch  was  held 
on  October  26,  with  the  following  papers:  The  Arrangement  and 
Equipment  of  the  AUis-Chalmers  Plant  at  West  AUis  by  V.  H.  Hil- 
ford;  The  Plants  of  A.  O.  Smith  in  Milwaukee  and  the  Thomas  B. 
Jeffery  Company  in  Kenosha  by  C.  G.  Martinson;  Aluminum  Cast- 
ings by  Mr.  Ackerman;  The  Gyroscope  Compass  by  Mr.  Newby; 
Aerial  Navigation  by  Mr.  Nosfinger. 

The  annual  inspection  trip  made  this  year  by  members  of  the 
society  included  the  plants  of  The  Indiana  Steel  Company,  at  Gary; 
the  Standard  Oil  refinery  at  Whiting;  the  Commonwealth  Edison 
Company,  and  Western  Electric  Company,  in  Chicago;  AlHs-Chal- 
mers,  A.  0.  Smith,  Vilter,  and  light  and  power  plants  in  Milwaukee; 
and  the  Thomas  B.  Jeffery  Company  in  Kenosha,  Wis. 

At  the  meeting  on  November  2,  the  subjects  presented  were.  The 
Distribution  of  Rainfall  in  Various  Sections  of  the  United  States,  by 
C.  I.  Corp,  Jun.Am.Soc.M.E;  The  Fisk  and  Quarry  Street  Sta- 
tions of  the  Commonwealth  Edison  Company  in  Chicago,  by  Mr. 
Conley;  Revue  de  Mecanique,  by  L.  E.  Knerr;  and  The  Power  Plant 
of  the  Curtis  Publishing  Company  in  New  York  by  Mr.  Bevlin. 

UNIVERSITY    OF   MISSOURI 

At  a  meeting  of  The  University  of  Missouri  Student  Branch  on 
November  6,  1911,  two  papers  were  read,  one  on  the  Manufacture 
of  Dynamite  b}^  S.  Thomas,  and  another  on  the  Manufacture  of  Plate 
Glass  by  F.  I.  Kemp. 


MEETING  OF  THE  COUMCIL 

A  meeting  of  the  Council  was  held  on  November  20,  at  which  the 
following  were  present:  E.  D.  Meier^  President,  presiding;  S.  G.  Flagg, 
Jr.,  Jesse  M.  Smith,  H.  G.  Reist,  E.  B.  Katte,  H.  L.  Gantt,  James 
Hartness,  George  M.  Brill,  I.  E.  Moultrop,  F.  W.  Taylor,  Chas. 
Whiting  Baker,  F.  R.  Hutton,  Alex.  C.  Humphreys,  R.  M.  Dixon, 
and  Calvin  W.  Rice,  Secretary. 

The  Secretary  read  the  amendment  to  the  Constitution  proposed 
by  the  Committee  on  Meetings  of  the  Society  in  New  York,  authoriz- 
ing an  assessment  of  $3  per  capita  on  the  membership  resident  in 
New  York  and  vicinity. 

Voted:  That  in  the  opinion  of  the  Council  it  is  unwise  at  the  pres- 
ent time  so  to  amend  the  Constitution  as  to  make  any  fixed  increase 
in  the  dues  of  any  section  of  the  membership. 

Voted:  That  when  the  matter  is  brought  up  at  the  business  session 
of  the  Annual  Meeting,  December  6,  1911,  the  amendment  offered 
by  the  committee  be  amended  by  substitution  as  follows : 

The  expenses  of  all  meetings  of  the  Society  and  of  any  group  or  section 
thereof,  shall  be  provided  for  in  accordance  with  such  By-Laws  and  Rules 
as  the  Council  may  from  time  to  time  adopt;  provided,  however,  that  nothing 
in  this  section  shall  be  construed  to  authorize  the  Council  to  make  any 
increase  in  the  annual  dues  of  members  in  any  grade. 

Voted:  That  the  report  of  the  special  committee  appointed  by  the 
Council  on  the  plan  for  financing  professional  and  geographical  sec- 
tions be  accepted  and  placed  on  file. 

The  report  of  the  Committee  on  Constitution  and  By-Laws  was 
presented  by  Jesse  M.  Smith.  [; ' 

Voted:  To  accept  the  annual  report  of  the  Finance  Committee, 
together  with  schedule  of  appropriations  for  the  coming  year. 

Voted:  That  the  thanks  of  the  Council  be  given  to  R.  M.  Dixon 
and  W.  H.  Marshall  for  the  work  accomplished  in  raising  the  money 
for  the  land  debt  of  the  Society. 

Voted:  That  the  adjustment  of  any  subscriptions  to  certificates  in 
excess  of  the  issue  be  referred  with  power  to  the  Finance  Committee. 

Resolved:  That  the  Comicil  desires  to  express  its  high  apprecia- 
tion of  the  work  of  the  Publication  Committee  in  maintaining  the 
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high  character  of  the  Society's  pubHcations,  and  adding  so  largely  to 
the  Society's  income  during  the  past  year. 

Voted:  That  the  reports  of  the  Standing  Committees  as  required 
annually  mider  the  By-Laws  be  sent  in  galley  proof  to  every  member 
of  the  Coimcil  for  their  information  and  approval. 

Voted:  That  the  report  of  the  Conunittee  on  Power  House  Piping, 
dated  April  24,  printed  in  The  Journal,  June  1911,  for  presentation  at 
the  Spring  Meeting  in  Pittsburgh,  be  received  and  ordered  printed 
and  that  the  Committee  be  discharged  with  thanks. 

Voted:  That  the  report  of  the  Special  Committee  on  ballots  for 
election  in  the  Society  be  referred  to  the  Committee  on  Constitu- 
tion and  By-Laws. 

Voted:  To  appoint  the  following  committee  to  arrange  details  of 
a  reception  to  the  delegates  to  the  Twelfth  International  Congress 
of  Navigation  to  be  held  in  June  1912:  Chas.  "Whiting  Baker, 
W.  M.  McFarland,  G.  B.  Massey,  George  W.  Melville,  H.  de  B. 
Parsons,  Stevenson  Taylor,  with  power  to  select  a  delegate  to  the 
Congress,  to  which  the  Society  is  entitled  by  virtue  of  its  member- 
ship in  the  Permanent  International  Association  of  Navigation  Con- 
gresses. 

Voted:  That  the  Secretary  be  appointed  Honorary  Vice-President 
to  represent  the  Society  on  the  local  committee  of  arrangements  for 
the  Sixth  Congress  of  the  International  Association  for  Testing  Mate- 
rials, to  be  held  in  September  1912  and  to  serve  temporarily  as  repre- 
sentative to  the  Congress. 

Voted:  In  response  to  the  invitation  of  the  American  Museum  of 
Safety,  that  L.  D.  Burlmgame  be  appointed  Honorary  Vice-President 
to  represent  the  Society  on  the  local  committee  arranging  for  the 
International  Congress  for  the  Prevention  of  Accidents  and  Industrial 
Hygiene,  to  be  held  in  Milan  in  1912. 

Voted:  To  confirm  the  appointment  of  Carl  Angstrom  as  Honorary 
Vice-President  at  the  50th  anniversary  of  the  foundation  of  the 
Svenska  Taknologforeningen  and  250th  anniversary  of  the  birth  of 
the  Swedish  engmeer  and  inventor,  Christopher  Polhem,  held  in 
Stockholm,  Sweden,  November  18,  1911. 

Voted:  That  the  Society  issue  the  autobiography  of  John  Fritz, 
Honorary  Member  and  Past-President,  and  that  the  Secretary  be 
authorized  to  work  out  the  details. 

Voted:  That  the  design  of  student  pin  which  has  been  approved 
for  several  of  the  student  branches  of  the  Society,  be  approved  for 
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all  educational  institutions  with  tlie  appropriate  changes  in  initials 
and  colors  to  suit  individual  cases. 

Voted:  To  confirm  the  action  of  the  Executive  Committee  recom- 
mending for  ballot  the  list  of  applicants  approved  and  submitted  by 
the  Membership  Committee  under  date  of  September  18,  1911. 

The  Secretary  read  letters  of  appreciation  from  The  Institution  of 
Mechanical  Engineers  concerning  the  resolutions  of  thanks  which 
had  been  presented  to  them,  and  the  conferring  of  Honorary  Member- 
ship on  Mr.  J.  A.  F.  Aspinall,  their  Past-President,  from  whom  a 
letter  was  also  read. 

Voted:     That  these  be  published  m  The  Journal. 

The  Secretary  spoke  of  the  work  which  Mr.  Max  Toltz  had  been 
doing  in  St.  Paul  toward  enlarging  the  membership  of  the  Society  in 
that  city,  and  on  motion,  the  Secretary  was  requested  to  transmit  to 
Mr.  Toltz  a  vote  of  appreciation  and  thanks. 

The  following  resignations  were  accepted:  Edw.  M.  Blake,  J. 
Lawrence  Lyon,  E.  H.  Bedell,  H.  B.  Binsse,  S.  A.  Ellenbogen,  W.  A. 
Drysdale,  W.  F.  Hibbert,  Cortlandt  E.  Palmer,  W.  M.  Stone,  C.  T. 
Church,  C.  H.  Quereau,  R.  W.  Berliner,  H.  E.  Smith,  E.  W.  Daven- 
port, A.  Y.  Hoy,  W.  F.  Kneif,  F.  J.  Loomis,  W.  C.  McBain,  R.  E. 
Titcomb. 

The  Secretary  reported  the  following  deaths:  J.  L.  Gobeille,  H.  J. 
Johnson,  John  Turner,  R.  H.  Thomas,  L.  R.  Hopton,  Edgar  W.  Mix, 
W.  S.  McKinney,  C.  D.  Haskins,  T.  B.  Davis,  O.  A.  Stranaham. 

Voted:     To  approve  the  following  amendment  to  By-Law  20: 

B20  The  Council  shall  institute  a  monthly  publication  to  be  called  "The 
Journal"  which  shall  be  under  the  management  of  the  Secretary,  who  shall  act 
under  the  general  supervision  of  the  Publication  Committee,  subject  to  approval 
by  the  Council  as  to  the  policy  thereof  and  the  expenditures  therefor.  The 
annual  subscription  price  of  The  Journal  to  each  member  is  two  dollars  and 
is  included  in  the  annual  dues  of  such  member. 

Voted:  To  request  the  Publication  Committee  to  advise  at  the 
next  Coimcil  meeting  what  societies  shall  be  regarded  as  "sister  socie- 
ties" to  whom  The  Journal  will  be  sold  at  the  -$2  rate. 

The  minutes  of  the  Council  meeting  of  September  15,  1911,  were 
read  and  approved. 

Voted:  Li  response  to  the  invitation  of  the  National  Waterways 
Commission,  H.  G.  Stott  be  appointed  an  Honorary  Vice-President 
to  represent  the  Society  at  the  hearings  to  be  held  in  Washington, 
D.  C,  beginning  Tuesday,  November  21. 

The  meeting  adjourned. 


REPORT  OF  THE  FINANCE  COMMITTEE 

Appended  will  be  found  the  certified  report  of  the  examination  of 
the  accounts  of  the  Society,  made  by  Messrs.  Peirce,  Struss  &  Com- 
pany, for  the  fiscal  year  of  the  Society,  ending  September  30,  1911. 

The  total  receipts  of  the  Society  were  $97,580.67  and  the  expendi- 
tures were  $95,081.74,  not  including  $600  returned  to  Reserve  Fund 
accomit. 

The  appropriations  made  Ht  the  begimiing  of  the  year  contemplated 
a  total  expenditure  amomiting  to  $88,390  based  on  an  estimated 
income  of  $88,500,  $1900  of  the  appropriations  being  from  reserve. 
But  because  of  the  increased  earnings  of  the  Society,  due  to  the  pro- 
gressiveness  of  the  management  of  The  Journal  and  the  earnings 
accruing  therefrom,  and  because  of  the  increased  amount  of  sales 
and  the  earnings  accruing  therefrom,  your  Finance  Committee  recom- 
mended to  the  Council  that  it  increase  the  appropriations  primarily 
made,  to  a  total  of  $94,390.83. 

The  mortgage  indebtedness,  which  at  the  beginning  of  the  year  was 
$81,000,  has  been  met  by  the  sale  of  4  per  cent  Certificates  of  Indebt- 
echiess.  The  total  subscriptions  amount  to  $84,700  of  which  $75,- 
100  has  been  paid.  With  the  issuance  of  these  Certificates  of  Indebt- 
edness it  becomes  obligatory  on  the  Society  to  devote  all  mitiation 
fees  to  their  redemption,  and  it  has  been  the  understanding  that  the 
initiation  fees  devoted  to  this  purpose  are  approximately  $6000  a 
year.  It  therefore  seems  to  your  Committee  of  the  utmost  impor- 
tance for  the  Society  that  steps  be  taken  to  msure  this  and  that  a 
special  committee  on  Increase  of  Membership,  composed  of  well- 
qualified  men,  should  be  appointed  for  the  express  purpose  of  using 
all  reasonable  means  for  the  adding  to  the  membership  of  properly 
qualified  engineers  who  are  not  now  members  of  the  Society. 

Your  Finance  Committee  recommends  that  $1898.93  be  appro- 
priated towards  cancelling  the  amounts  advanced  by  the  Society  on 
the  Engineering  Buildmg,  and  that  enough  be  taken  from  Reserve 
Fund,  namely  $2117.98,  to  wipe  out  this  account,  and  that  payments 
to  the  Land  Fmid  as  hereafter  paid  be  credited  to  Reserve  Fund. 
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For  the  year  ending  Septeniljcr  30,  1912,  it  is  estimated  that  the 
income  of  the  Society  Avill  be  $100,000  as  follows: 

Dues  $56,350 

Sales   7,600 

Interest  and  discount 775 

Advertising 35,000 

Miscellaneous 275 


Total $100,000 

and   it  recommends  that   the   following   api:)ropriations  be  made: 

Finance  Committee $26,875 

Membership  Committee _ 2,100 

Increase  in  Membership 800 

House  Committee 1,425 

Library  Committee 4,500 

Meetings  Committee 5,100 

Council 4,200 

Publication  Committee 42,300 

Research  Committee 100 

Committee  on  Power  Tests 50 

Public  Relations  Committee 50 

Sales  Expenditures 3,500 

Reserve  Fund 600 


Total $  91,600 

which,  in  the  oj^inion  of  your  Committee,  should  not  be  exceeded  on 
an  estimated  income  of  $100,000. 

It  is  also  recommended  by  your  Finance  Committee  that  all  unex- 
pended appropriation  balances  be  returned  to  unappropriated 
revenue,  and  that  the  expenditures  made  which  exceed  specific 
appropriations  be  approved. 

Respectfully  yours, 

R.  M.  Dixon,  Chairman 

G.  J.  Roberts 

W.  H.  Marshall  |  Finance  Committee 

H.   L.  DOHERTY 

W.  L.  Satjnders 
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Peirce,  Struss  &  Co. 
Certified  Public  Accountants 

October  25,  1911 
Mr.  R.  M.  Dixon, 

Chairman  Finance  Committee 
Dear  Sir: 

In  accordance  with  your  instructions,  we  have  audited  the  books  and 
accounts  of  The  American  Society  of  Mechanical  Engineers  for  the  year  ended 
September  30,  1911. 

The  results  of  this  examination  are  presented  in  three  exhibits,   attached 
hereto,  as  follows: 
Exhibit  A    Balance  Sheet,  September  30,  1911 

Exhibit  B    Income  and  Expenses  for  the  year  ended  September  30,  1911 
Exhibit  C    Receipts  and  Disbursements  for  year  ended  September  30,  1911 
We  beg  to  present,  attached  hereto,  our  Certificate  to  the  aforesaid  exhibits. 

Respectfully  submitted, 

Peirce  Struss  &  Co. 
Certified  Public  Accountants 

Peirce,  Struss  &  Co. 
Certified  Public  Accountants 

October  25,  1911 
Mr.  R.  M.  Dixon, 

Chairman  Finance  Committee 
Dear  Sir: 

Having  audited  the  books  and  accounts  of  The  American  Society  of 
Mechanical  Engineers  for  the  year  ended  September  30,  1911,  we  hereby  cer- 
tify that  the  accompanying  Balance  Sheet  is  a  true  exhibit  of  its  financial  con- 
dition as  of  September  30, 1911,  and  that  the  attached  statements  of  Income  and 
Expenses,  and  Cash  Receipts  and  Disbursements  are  correct. 

Peirce,  Struss  &  Co. 
Certified  Public  Accountants 


EXHIBIT  A 

Balance  Sheet,  September  30,  1911 

ASSETS 

Equity  in  Societies  Building 

(25  to  33  West  39th  Street) $353  346.62 

Equity  one-third  cost  of  land 

(25  to  33  West  39th  Street) 180  000.00 

$533  346.62 

Library  Books 13  000.00 

Furniture  and  Fixtures 5  000.00 

18  000.00 
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New  York   City  3^%   Bonds   1954 

Par  $35,000.00 30  925.00 

Cash  in  Bank  representing  Trust  Funds     11  085.78 

■ 42  010.78 

Stores  including  plates  and  finished  i)uh- 

lications 12  165.10 

Cash  in  bank  for  general  ])urposes 19  745.32 

Petty  Cash  on  hand 250.00 

19  995.32 

Accounts  Receivable 

Membership  Dues S  992.00 

Initiation  Fees 475.00 

Sale  of  publications,  advertising,  etc.       9  354.81 

18  821.81 

Advances  account  land  subscription  fund.  4  01G.91 

Unexpended  Appropriation t90.91 

Advance  payments 1  C87.29 


Total  Assets $650  734.74 

LIABILITIES 

United  Engineering  Society $41  000.00 

Certificate    of    Indebtedness    applied    to 

Mortgage 40  000.00 

Certificate  of  Indebtedness  unapplied  to 

Mortgage 7  100.00 

Funds 

Life  Membership   Fund $35  151.07 

Library  Development  Fund 4  902.71 

Weeks   Legacy  Fund 1  957.00 

42  010.78 

Current  Accounts  Payable 4  538.40 

Dues  paid  in  advance 961.51 

Initiation  fees  paid  in  advance 80.00 

1041.51 

Initiation  fees  uncollected 475.00 

Unappropriated  Revenue 4  489.84 

Reserve  (Initiation  fees) 32  206.97 

Surplus  in  property  and  accounts  receiv- 
able   477  872.24 


Total  Liabilities SC"50  734.74 
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EXHIBIT  B 

Income  and  Expenses  fou  the  Yeau  Ended  Septembek  30,  1911 

INCOME 

Membership  Dues S56  526.29 

Sales  gross  receipts 8  761.30 

Advertising 30  932.64 

lutcrest  and  Discount 1  357.11 

Miscellaneous 3.33 

$97  580.67 


EXPENSES 

Finance    Committee    Office    Administra- 
tion including  Salaries $21  853.00 

Finance,     United     Engineering     Society 

Assessments 3  375.00 

Finance,  Miscellaneous 346.06 

Finance,  Interest 3  240.00 

Finance,  London  Book 289.91 

Finance,  Stores  Expense 1  713.18 

30  817.15 

Membership  Committee 2  137.84 

Increase  of  Membership  Committee 490.96 

House  Committee 994.70 

Library  Committee 3  698.40 

Committee  on  Meetings 

Annual  Meeting 2  700.84 

Monthly  Meetings 3  382.37 

Spring  Meeting 2  317.55 

Student  ]\Ieetings 72.36 

Gas  Power  Meetings 121.79 

Meetings  Programs 15.56 

Classification 109.84 

8  720.31 

Power  Test  Committee -59 


Amount  Forward $46  8.59.95 

Publication  Committee 

Advertising  Section,  The  Journal ....  14  9.56.77 

Journal,  except  Advertising 15  739.51 

Revises 513.89 

Transactions  Volume  32 8  615.65 

Year  Book 2  874.38 

Transactions  Volume  31 954.18 

43  654.38 
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Research  Committee 28.87 

Public  Relations  Committee *                      21.08 

Sales  Expenditures 4  517.4G 

Reserves  Fund 600.00 

Total 95  681.74 

Excess  of  Income  over  Expenses 1  898.93 

$97  580.67 

EXHIBIT  C 

Receipts  and  Disbursements  for  Year  Ended  September  30,  1911 

receipts 

Membership  Dues $54  775.00 

Initiation  Fees 5  490.00 

Membership    Dues    and    Initiation    Fees 

paid  in  advance 1  194.84 

Sales  of  publications,  badges,  advertis- 
ing, etc 37  626.80 

Subscription  to  Land  Fund 5  900.00 

Interest 2  112.54 

Certificates  of  Indebtedness 47  106.33 

154  205.51 
Cash  in  Banks  and  on  hand, 

September  30,  1910 '     15  218.32 

— $169  423.83 

DISBURSEMENTS 

Disbursements  for  general  purposes $98  342.73 

Payments  on  the  mortgage  with  funds  re- 
ceived from  sale  of  Certificate  of 
Indebtedness 40  000.00 

Cash  in  Banks  and  on  hand, 

September  30,  1911 31  081.10 

■ $169  423.83 


NECROLOGY 

JOSEPH  LEON  GOBEILLE 

Joseph  Leon  Gobeille,  identified  throughout  most  of  his  business 
career  with  the  Gobeille  Pattern  Company,  Cleveland,  Ohio,  was 
born  in  Poughkeepsie,  N.  Y.,  July  2,  1855.  He  obtained  his  mechani- 
cal training  at  Cooper  Union,  New  York,  and  at  the  Rensselaer 
Polytechnic  Institute,  Troy,  N.  Y.  At  eighteen  years  of  age  he  en- 
tered the  pattern  shop  of  N.  S.  Vedder  in  Troy,  leaving  there  five  years 
later  to  take  charge  of  the  department  of  design  and  ornamentation 
with  the  Cleveland  Stove  Company,  Cleveland,  Ohio.  In  1881  he 
established  the  firm  of  Gobeille  &  Brothers  in  the  same  city,  retain- 
ing for  himself  the  designing  and  drafting.  In  1884  he  bought  out 
this  concern  and  organized  the  Gobeille  Pattern  Works  which  he 
developed  to  large  proportions.  While  he  specialized  in  stove  pat- 
terns, his  shop  turned  out  some  of  the  largest  and  most  intricate 
work  called  for  by  the  leading  foundries  of  the  country.  He  invented 
and  constructed  ingenious  and  useful  woodworking  machinery  and 
his  pattern  shop  was  provided  with  valuable  and  rare  machine  tools. 

Leaving  Cleveland  in  1905  after  a  financial  reverse,  he  was  con- 
nected for  a  short  time  with  the  Abram  Cox  Stove  Company,  Phila- 
delphia, Pa.  Later  he  went  to  Niagara  Falls,  N.  Y.,  and  organized 
the  Gobeille-Harris  Pattern  Company,  of  which  he  retained  control 
until  attacked  by  the  illness  which  caused  his  death  on  September 
27,  1911. 

Mr.  Gobeille  was  a  past-president  of  the  Cleveland  Engineers  Club 
and  contributed  papers  at  various  times  to  meetings  of  foundrymen 
and  stove  manufacturers  associations.  He  will  also  be  remembered 
as  a  writer  of  short  stories  and  a  lover  of  rare  books. 

HENRY  JAMES  JOHNSON 

Henry  James  Johnson  was  bom  in  Providence,  R.  I.,  July  7,  1842. 
He  was  educated  in  the  Providence  pubHc  schools  and  in  1861  was 
graduated  from  Brown  University  with  the  degree  of  C.E.  From 
1863  to  1891  he  was  employed  by  the  Providence  Steam  Engine  Com- 
pany, first  as  draftsman  and  later  as  designing  engineer.     He  designed 

31 


32  SOCIETY  AFFAIRS 

and  superintended  the  construction  of  the  Nagle  pumping  engine, 
the  Burdict  bolt  and  nut  forging  machines,  steam  capstans  for  the 
United  States  Navy,  the  improved  Greene  automatic  drop  cut-off 
engine,  stationary  and  marine  boilers,  and  others,  upon  several  of 
which  he  secured  patents.  In  1891  he  became  designing  engineer  for 
Plumb,  Burdict  and  Barnard,  Buffalo,  N.  Y.,  bolt  manufacturers. 
Two  3^ears  later  he  again  became  connected  with  the  Providence 
Steam  Engine  Company  in  the  capacity  of  consulting  engineer,  and 
from  1898  to  the  date  of  liis  death  was  consulting  engineer  for  Filer 
and  Stowell  Engineering  Company's  eastern  office. 

JOHN  TURNER 

John  Turner  was  born  May  8,  1846  at  Cornwall,  England,  and  six 
years  later  moved  with  his  family  to  this  country,  settling  in  Michi- 
gan where  his  father  became  a  mine  contractor.  He  received  his 
early  education  in  the  schools  of  Dover,  N.  J.,  and  in  1863  entered  the 
machine  shop  of  Hewes  &  Phillips,  Newark,  N.  J.,  where  he  served  his 
apprenticeship  and  later  became  erecting  engineer.  In  this  capacity 
he  was  associated  with  the  Watts  Campbell  Company,  Newark, 
after  which  he  became  superintendent  of  shops  for  Boone  &  Perez, 
Brooklyn,  N.Y.  From  1874  to  1885  he  acted  as  chief  engineer  at 
the  State  Asylum,  Morris  Plains,  N.  J.,  leaving  there  to  take  charge 
in  the  same  capacity  of  the  Peerless  Steam  Power  Company.  In 
1887  he  became  chief  engineer  of  the  College  of  Physicians  and  Sur- 
geons, New  York,  and  in  1890  superintendent  of  central  station 
construction  for  the  General  Electric  Company,  having  entire  charge 
of  the  construction  of  the  underground  system  for  the  Cincinnati 
Edison  Station  and  the  Cleveland  General  Electric  Company.  In 
1894  he  became  supervising  engineer  on  the  construction  of  the  Amer- 
ican Surety  Building  and  later  became  its  chief  engineer  for  a  period 
of  three  years.  Subsequently  he  was  associated  with  Sanderson  & 
Porter,  contracting  and  consulting  engineers,  for  whom  he  built  the 
electric  light  and  railway  plants  at  Far  Rockaway,  and  the  lighting 
plants  at  Tuxedo  and  Peekskill,  N.  Y.  In  1901  he  became  super- 
intendent and  chief  engineer  of  the  American  Bank  Note  Company, 
and  from  1907  to  the  time  of  his  death  on  September  12,  1911,  acted 
in  the  same  capacity  at  the  Bishop  Building. 


THE  TUKKET  EQUATORIAL  TELES(  OPE 

A  NEW  ASTRONOMICAL  OBSERVATORY 
By  James  Hartness 

ABSTRACT 

This  paper  describes  a  new  type  of  astronomicul  observatoi-y  wliich  was 
designed  to  protect  the  observer  from  the  cold  to  which  he  is  exposed  in  most 
of  the  observatories  now  in  use.  It  accomplishes  this  purpose  by  the  use  of  a 
revolving  turret  for  the  polar  axis  of  the  instrument,  making  the  instrument 
and  building  integral.  By  this  change  in  scheme  of  mounting  it  has  been  pos- 
sible to  avoid  the  use  of  the  large  reflecting  mirrors  employed  in  all  previous 
designs  where  the  comfort  of  the  observer  has  been  the  controlling  motive. 

The  problem  in  making  an  observatory  of  this  kind  is  to  maintain  an  equal 
temperature  within  and  without  the  telescope  tube,  in  order  to  avoid  estab- 
lishing disturbing  air  currents,  and  of  course  it  is  necessary  to  receive  the  beam 
of  light  coming  from  any  object  above  the  horizon. 

In  all  previous  work  at  least  one  relatively  large  plain  reflector  has  been  used 
to  change  the  direction  of  the  beam  of  light  from  that  in  which  it  comes  from 
the  celestial  object  to  the  fixed  direction  requisite  for  the  eyepiece.  In  the 
present  instrument  the  eyepiece  has  a  slight  motion,  and  therefore  does  not 
possess  the  ideal  feature  for  comfort  of  the  observer  that  is  possessed  by  the 
previous  instruments,  but  by  sacrificing  a  trifle  in  this  respect  it  has  been  pos- 
sible to  avoid  the  use  of  a  large  mirror.  The  point  at  which  the  direction  of 
the  cone  of  light  is  changed  is  about  one-quarter  of  the  distance  from  the  ocu- 
lar to  the  objective;  this  gives  an  area  of  about  one-sixteenth  of  mirrors  located 
near  the  objective.  This  is  so  small  that  it  is  possible  to  use  a  prism  instead 
of  a  mirror,  although  even  with  a  mirror  it  would  be  a  distinct  gain. 

The  paper  includes  a  description  of  the  means  for  heating  and  ventilating, 
and  also  touches  on  the  delicate  subject  of  patent  rights  for  scientific  instru- 
ments and  the  adverse  effect  to  science  of  the  present  policy  of  allowing  such 
things  to  go  unprotected  by  patent  rights. 
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A  NEW  ASTRONOMICAL  OBSERVATORY 

By  James  Hartness,  Springfield,  Vt. 
Member  of  the  Society 

The  subject  of  this  paper  cannot  be  properly  considered  without  acknowl- 
edgment of  indebtedness  to  at  least  three  of  our  members,  each  one  preeminent 
in  one  or  more  branches  of  astronomical  science.  Notwithstanding  their 
great  variety  of  interests,  these  men  have  found  time  to  write  long  letters  of 
advice  and  criticism  in  response  to  questions  or  on  submission  of  drawings 
suggesting  the  various  steps  in  the  evolution  of  the  present  scheme.  Years 
ago  the  writer  thought  he  was  favored  in  this  respect,  but  later  observation  has 
proven  that  the  same  earnest,  personal  consideration  is  given  to  anyone.  It 
was  from  these  men  that  the  microbe  of  work  in  the  astronomical  field  was 
taken,  and  it  is  a  pleasure  to  acknowledge  indebtedness  to  our  Honorary 
Member  John  A.  Brashear,  and  to  Past-Presidents  Worcester  R.  Warner  and 
Ambrose  Swasey,  for  advice  and  criticism  of  the  optical  and  general  features  of 
the  various  schemes  out  of  which  this  new  observatory  has  evolved.  Indebt- 
edness is  also  acknowledged  to  James  B.  McDowell  and  other  members  of  the 
staff  of  John  A.  Brashear  Co.,  Ltd.,  and  to  Alvin  Clarke  Son  Corporation  for 
painstaking  care  in  answering  questions  and  giving  advice  regarding  the  opti- 
cal parts. 

The  new  observatory  grew  out  of  an  attempt  to  make  an  observa- 
tory in  which  the  observer  could  work  in  comfort,  independent  of  the 
outside  temperature.  To  accompHsh  this  end  without  serious  handi- 
cap to  good  seeing  and  instrumental  precision  involved  a  departure 
from  previous  forms. 

2  For  the  purpose  of  defining  the  relation  of  the  new  observatory 
to  preceding  types  it  is  necessary  to  refer  to  diagrammatic  illustra- 
tions, Figs.  lA,  2A  and  3A.  These  sketches  are  purely  schematic 
and  are  not  true  to  important  details. 

3  Fig.  2A  for  the  purpose  of  this  paper  will  be  referred  to  as  the 
Standard  Observatory,  since  it  represents  a  type  most  highly  devel- 
oped by  reason  of  the  greater  number  of  instruments  of  this  kind 
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that  have  been  made.  This  mstrument  is  not  only  the  most  efficient 
optically,  but  is  probably  the  most  reliable  in  point  of  mechanical 
precision  when  compared  with  any  other  instruments  designed  for 
covering  the  whole  heavens  and  for  general  purposes.  It  has,  how- 
ever, the  one  serious  handicap  of  requiring  within  the  building  a 
temperature  equal  to  that  of  the  outside  air.  It  is  for  the  purpose 
of  overcoming  this  handicap  that  the  instrument  to  be  described  was 
designed. 

4     Fig.  1 A  is  kno^vn  as  the  Equatorial  Coudd,  or  Elbow  Equatorial. 
This  instrument  was  designed  to  shelter  the  observer  in  comfortable 


Fig.  1a    Diagrammatic  Sketch  op  the  Equatorial  Coude 
Object  glass,  23  in.  in  diameter  with  25:1  focal  length;  largest   diameter  of  larger  mirror,  32  in.; 
largest  diameter  of  mirror  at  elbow,  23  In. 


quarters.     It  is  of  French  origin  and  a  number  of  these  are  in  use  in 
Paris  and  elsewhere. 

5  Fig.  3A  is  a  schematic  sketch  of  the  new  instrument  which  we 
propose  to  designate  as  the  Turret  Equatorial. 

6  All  of  these  instruments  are  refractors,  using  an  object  glass 
for  collecting  the  rays  of  light  and  delivering  them  to  a  focal  point 
within  reach  of  the  eyepiece. 

7  In  the  standard  equatorial  the  optical  parts  consist  merely  of 
the  object  glass  and  the  ocular;  for  this  reason  it  has  the  highest 
efficiency  of  any  instrument  for  this  purpose. 
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Fig.  2A    Standard  Equatorial 
Object  glass,  10  in.  In  diameter  with  15:1  focal  length. 


Fig.  3A    Turret  Equatorial 
Object  glass,  10  in.  In  diameter  with  15:1  focal  length,  2|-in.  prism  at  bend,  which  is  approximately 
J  the  distance  from  eyepiece  to  objective.      Actual  size  of  beam  of  light  is  2J  in.  at  this  point,  or  jt 
the  area  of  objective. 
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8  The  equatorial  eoud^  purchases  its  comfort  for  the  observer  at 
the  expense  of  a  more  or  less  serious  optical  loss,  for  between  the  ob- 
ject glass  and  the  eyepiece  two  diagonal  plane  mirrors  are  interposed. 
In  this  instrument  the  beam  of  light  comes  to  the  eye  at  about  the 
same  angle  as  from  a  microscope  on  a  table.  The  mirror  at  the  ob- 
ject glass,  of  course,  must  be  large  enough  to  deliver  the  full  bundle 
of  rays,  and  since  it  stands  at  an  angle  of  45  deg..  its  major  diameter 
must  exceed  the  diameter  of  the  object  glass  by  about  40  per  cent. 
This  is  also  true  of  the  diagonal  plane  at  the  elbow,  although  the 
diameter  of  the  cone  of  rays  is  about  0.6  the  diameter  of  the  object 
glass.  Notwithstanding  this  handicap,  the  equatorial  coud^  has 
doubtless  been  considered  the  best  instrument  which  could  be  used 
by  an  observer  comfortably  housed. 

9  There  is  another  instrument,  not  shown  in  the  sketches,  some- 
what similar  to  the  equatorial  coud^.  It  is  called  the  broken  equa- 
torial coud^,  and  is  joined  at  the  bend  in  the  elbow,  avoiding  the 
necessity  of  the  large  mirror  at  the  objective.  It  has  been  excluded 
from  this  description  because  it  does  not  cover  the  whole  heavens. 
Its  building  obscures  the  circumpolar  stars  and  that  part  of  the  heav- 
ens that  happens  to  be  north  of  the  building. 

10  Mention  should  also  be  made  of  the  Tower  telescope  at  Mount 
Wilson,  Cal.,  designed  for  solar  work.  In  this  the  beam  of  light 
is  delivered  downward  by  means  of  two  reflectors  through  the 
object  glass  also  located  at  the  top  of  the  tower.  Reference  might 
also  be  made  to  the  various  horizontal  telescopes  that  have  been 
used.  But  these  instruments  have  thus  far  been  used  for  only  a 
limited  part  of  the  range  covered  by  the  standard  equatorial. 

11  In  addition  to  the  standard  equatorial  and  equatorial  coud^, 
both  of  which  should  be  classed  as  refractors,  special  mention  should 
be  made  of  the  common  reflector  as  it  is  now  mounted  at  Harvard 
University.  This  instrument  delivers  the  beam  of  light  to  the  ob- 
server, who  may  be  seated  at  a  desk,  just  as  in  the  equatorial  coud^ 
observatory.  It  is,  however,  a  reflector,  and  should  perhaps  be  kept 
in  a  class  by  itself.  It  also  uses  two  auxiliary  mirrors  to  deliver  into 
the  eyepiece,  and  furthermore,  like  the  broken  equatorial,  its  working- 
range  is  limited  by  the  obscuring  of  part  of  the  heavens  by  its  own 
structure. 

12  In  all  of  the  instruments  designed  for  the  comfort  of  the  ob- 
server it  has  been  necessary  to  introduce  one  or  more  reflectors,  and 
barring  the  common  reflector  at  Harvard  and  the  broken  equatorial, 
these  auxiliary  reflectors  have  been  located  near  the  objective. 
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Fig.  a    View  fbom  a  Point  Southeast  of  the  Observatoht 
Note  the  various  positions  of  the  turret  on  Its  axis  and  the  positions  of  the  tube  In  Figs.  A-G 


Fig.  B    View  fkom  a  Point  about  Xokiueast  of  the  Observatory 
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Fig.  C    View  showing  West  Side  .\jiD  South  End 


Fig.  D    Winter  View  taken  just  .^tter  Completion  of  Grading,  showing  North  End  and 

East  Side 
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Fig.  T.      TxriMiioH  fir  Observixg  Room 


Fig.  F    Exl.\rged  View  of  Interior  of  Dome 
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13  In  the  present  instrument  the  direction  of  the  beam  of  hght 
is  changed,  but  instead  of  using  a  large  mirror  near  the  objective,  a 
prism  is  used  nearer  the  eyepiece.  The  area  of  the  bundle  of  the  cone 
of  rays  at  the  prisms  is  approximately  xe  of  the  area  of  the  object 
glass.  By  avoiding  the  use  of  large  mirrors  there  is,  of  course,  the 
optical  gain,  and  the  mechanical  difficulties  encountered  in  holding 
these  large  mirrors  without  flexure  are  also  obviated. 

14  The  means  employed  to  shelter  the  observer  and  provide  suit- 
able mounting  and  control  for  this  telescope  may  be  briefly  describcMl 


Fig.  G    Turret  Equatorial  Observatory  and  Residence  to  whicu  it  is  connected  b  v  Under- 
ground Passageway 


as  a  building  having  a  turret-like  dome,  this  dome  being  mounted 
to  rotate  on  an  axis  parallel  to  the  axis  of  the  earth. 

15  In  approaching  this  problem  it  is  perhaps  well  to  bear  in  mind 
the  fact  that  the  distances  between  the  instrument  and  the  celestial 
objects  are  so  great  as  to  be  practically  infinite;  hence,  in  saying  that 
the  turret  is  mounted  on  an  axis  parallel  to  the  earth's  axis,  it  will  be 
just  as  well  for  our  present  purpose  to  consider  it  located  at  the  axis 
of  the  earth.  Furthermore,  in  considering  the  joint  between  the 
telescope  and  the  turret,  it  will  be  more  readily  understood  if  we  re- 
gard the  pivotal  connection  of  the  telescope  tube  to  the  dome  as 
located  directly  in  the  middle  of  the  turret  instead  of  at  one  side 
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16  Rogarding  the  mechanical  precision  of  the  present  instrument, 
it  is  very  natural  for  us  to  question  the  reliability  of  a  turret  in  s(^rving 
the  })lace  of  an  arbor  for  the  main  polar  axis.  This  axis  not  only 
provides  a  control  of  the  motion  of  the  telescope  as  it  follows  a  star  in 
offsetting  the  earth's  motion,  but  it  also  must  combine  with  it  some 
means  for  knowing  with  considerable  precision  a  reasonably  exact 
reading  of  the  hour  position  or  right  ascension  of  the  object.  These 
two  things  make  it  necessary  to  provide  the  turret  with  a  perfectly 
planed  surface  on  its  under  side  and  a  truly  circular  track.  It  also 
requires  in  the  building  a  stable  mounting  for  rolls  on  which  the  turret 
rests. 

17  There  are  two  sets  of  rolls :  one  set  on  which  the  flat  face  of  the 
turret  rests  must  keep  the  axis  of  the  turret  parallel  with  the  axis  of 
the  earth.  The  circular  part  of  the  turret  bears  on  the  other  set  of 
rolls.  The  office  of  the  second  set  is  to  hold  the  axis  of  the  turret  in 
a  fixed  position  relative  to  the  building  to  facilitate  convenience  in 
measurement  of  the  angular  position  of  the  telescope  as  to  hour 
position  or  right  ascension. 

18  If  w'e  can  assure  ourselves  of  the  reliability  of  the  turret  for 
axial  control  and  means  for  measuring  the  angular  position  of  the  tube 
around  this  axis,  the  author  thinks  we  should  be  ready  to  accept  the 
present  scheme  on  account  of  its  making  possible  the  comfortable 
housing  of  the  observer. 

19  In  mechanism  for  obtaining  the  greatest  precision  of  axial 
control  of  a  rotating  object,  machine  designers  invariably  prefer  an 
arbor  of  relatively  small  diameter  mounted  in  two  bearings,  with  the 
distance  between  the  bearings  of  at  least  half  a  dozen  diameters. 
Small  diameters  also  furnish  a  most  reliable  center  control  around 
which  to  measure  angular  position. 

20  In  the  present  case  as  in  nearly  every  problem  of  machine 
design,  there  are,  however,  other  elements  to  be  considered.  The 
best  solution  is  to  determine  what  compromise  to  make.  Even  the 
almost  ideal  mounting  of  the  standard  telescope,  such  as  exemplified 
in  the  great  Yerkes  refractor,  an  instrument  which  undoubtedly  meas- 
ures the  highest  attainment  along  these  lines,  seems  handicapped 
by  a  delicacy  of  poise  which  is  not  the  most  favorable  for  stability 
of  control. 

21  It  is  entirely  beyond  and  outside  the  object  of  this  paper  to 
discuss  these  various  instruments,  but  it  seems  necessary,  in  order 
to  set  forth  the  object  of  the  present  instrument,  to  call  attention  to 
those  that  have  preceded  it,  and  in  doing  so  to  set  forth  the  apparent 
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advantages  and  disadvantages  as  they  appear  to  a  novice,  giving  a 
view  which,  Avhile  it  may  not  be  correct,  has  at  least  the  advantage 
of  being  a  fresh  one. 

22  The  refracting  telescope  having  standard  equatorial  mounting 
is  not  only  the  best,  optically  considered,  but  it  is  undoubtedly  super- 
ior to  all  others  when  made  in  the  smaller  sizes  and  for  use  in  pleasant 
weather.  The  mechanical  difficulties,  however,  increase  very  fast 
with  the  size  of  the  telescope,  and  there  are,  of  course,  many  latitudes 
and  altitudes  at  which  these  instruments  are  used  where  the  observer 
must  be  exposed  to  very  cold  weather. 

23  The  mechanical  handicaps  of  the  larger  telescopes  are  due  to 
the  overhanging  tube  and  counterweights.  Not  even  the  highest  excel- 
lence in  workmanship  in  making  these  machines  nor  the  skill  in  their 
use  seems  to  offset  this  instability.  To  the  beginner,  at  least,  it  would 
appear  that  a  breath  of  air  or  a  change  of  adjustment  would  be  suffi- 
cient to  cause  a  quiver. 

24  Referring  now  to  the  use  of  large  mirrors,  such  as  are  used  in 
the  equatorial  coude  and  others,  we  have  already  mentioned  the  me- 
chanical difficulties  encountered  in  controlling  the  position  of  these 
mirrors  without  distortion.  In  the  tower  telescopes  for  solar  work 
exceedingly  thick  mirrors  have  been  used,  and  in  the  other  tele- 
scopes devices  have  been  employed  by  which  the  mirrors  have 
been  equally  supported  by  many  contact  points ;  but  notwithstanding 
this,  no  scheme  seems  to  prevent  fully  the  bending  of  the  mirror  and 
distortion  of  the  image.  The  problem  is  especially  difficult  because 
these  mirrors  must  be  held  in  so  many  different  positions.  It  would 
be  a  comparatively  simple  matter  if  there  were  no  change  of  posi- 
tion. Furthermore,  there  is  a  temperature  disturbance  which  is 
greater  in  a  mirror  than  in  a  refractor.  For  this  reason  it  is  necessary 
to  maintain  an  even  tem]:)erature  through  the  mirror. 

25  In  addition  to  the  distortion  of  the  image  by  lack  of  mechanical 
control  of  the  mirror,  there  is  the  serious  objection  of  absorption  by 
even  the  most  perfect  reflectors.  This  alxsorption  reduces  the  total 
light  that  reaches  the  eyepiece,  and  since  the  object  in  using  telescopes 
of  larger  light-gathering  power  is  to  get  more  light,  the  use  of  a  mirror 
is  equivalent  to  a  reduction  of  the  diameter  of  the  objective. 

26  Furthermore,  this  cannot  be  offset  by  mere  increase  in  size, 
for  the  loss  in  definition  due  to  atmospheric  disturbance  increases 
with  the  diameter  of  the  telescope,  resulting  in  a  net  loss  in  definition. 
Therefore  the  price  paid  for  comfort  is  not  only  the  amount  which 
must  be  expended  for  the  large  ol^ject  glasses  and  still  larger  reflec- 
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tors  to  go  with  them,  but  also  an  actual  loss  in  definition.  This  loss 
of  definition,  of  course,  is  greatest  in  the  low  altitudes  and  least  in 
the  rarefied  air  of  the  best  mountain  top  observatory  sites. 

27  In  all  equatorial  telescopes  provision  must  be  made  for  chang- 
ing the  angular  direction  of  the  telescope  to  and  from  the  pole;  in  other 
words,  north  and  south.  The  axis  on  which  the  telescope  turns  for 
this  position  of  declination  must  stand,  of  course,  at  right  angles 
to  the  polar  axis. 

28  In  the  standard  equatorial  thv.  arbor  which  furnishes  the  polar 
axis  is  provided  with  an  opening  transverse  to  it,  which  serves  as 
a  bearing  for  the  arbor  that  is  affixed  to  the  side  of  the  telescope 
tube  and  it  is  on  the  precision  of  this  axis  that  the  instrument 
depends  for  its  true  position  in  declination.  It  is  undoubtedly 
due  to  the  attachment  of  this  secondary  axis  to  the  primary  axis 
that  this  standard  equatorial  has  the  appearance  of  instability.  It 
is,  however,  nicely  counterbalanced,  and  the  great  precision  of 
control  is  due  to  the  excellence  of  workmanship  and  manipulation 
of  a  very  high  order.  Nevertheless,  it  would  seem  desirable  to  pro- 
vide some  suitable  control  for  the  tube  itself  on  this  as  well  as  on  the 
primary  axis. 

29  In  the  new  instrument  the  telescope  is  not  pivoted  at  the  mid- 
dle, but  at  a  point  near  the  focus,  and  it  is  at  this  point  that  the  prism 
is  introduced  and  the  rays  are  delivered  into  the  turret  through  the 
hollow  declination  axis. 

30  The  scheme  of  counterweight  resembles  in  some  respects  the 
old-fashioned  well  sweep.  This  counterweight  is  fulcrumed  at  the 
opposite  side  of  the  turret  and  reaches  over  to  a  point  near  the  head 
of  the  telescope,  supporting  it  without  adding  the  weight  to  the  tel- 
escope head,  thus  relieving  a  part  of  the  weight  of  the  declination 
axis  .and  also  all  torsional  strain. 

31  This  well  sweep  acts  also  as  a  brace  in  one  direction.  Its 
duty  changes  from  that  of  a  counterweight  to  one  wholly  of  a  brace. 
For  instance,  when  the  turret  has  been  turned  so  that  the  declination 
axis  is  at  the  lowest  part,  and  the  tube  has  been  pointed  directly  to 
the  pole,  then  the  counterweight  is  inoperative  as  a  counterweight 
for  the  tube,  but  the  arm  becomes  a  brace.  Therefore  this  scheme 
changes  from  one  that  is  wholly  a  counterpoise  to  one  that  holds  the 
telescope  in  position  by  a  diagonal  brace,  and,  of  course,  there  are 
positions  in  which  there  is  an  equal  service  of  each  in  the  change  from 
one  extreme  to  the  other.  The  brace  always  operates  to  stiffen 
the  instrument  against  the  action  of  the  wind  in  certain  positions 
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and  the  exact  form  may  be  varied  to  get  the  best  results.     The  one 
showai  in  the  illustrations  was  made  to  use  available  material. 

32  The  means  for  controlling  the  declination  position  of  the  tele- 
scope is  a  wormwheel  in  which  two  worms  engage.  All  of  this  is 
clearly  showTi  in  the  drawings  Figs.  17  to  20. 

33  It  will  be  seen,  then,  that  the  observer  sits  inside  the  dome  and 
receives  the  light  coming  from  any  celestial  object  above  the  horizon, 
and  although  it  is  necessary  for  him  to  change  the  position  of  the 
chair  about  1  ft.  east  and  west  and  3  or  4  in.  vertically,  such  a  change 
does  not  constitute  any  serious  inconvenience. 

34  The  beam  of  light  comes  into  the  observatory  in  a  horizontal 
position  when  the  telescope  is  pointed  along  the  meridian,  and  it 
changes  from  the  horizontal  position  to  one  in  which  the  observer 
looks  dowTL  towards  the  north  at  an  angle  of  about  45  deg.  at  this 
latitude.  The  control  of  the  dome,  both  for  its  quick  motion  for 
changing  from  one  position  to  another,  and  also  for  providing  move- 
ment to  offset  the  rotation  of  the  earth,  is  all  effected  by  levers  within 
convenient  reach  of  the  observer. 

35  The  rotation  of  the  dome,  instead  of  being  effected  by  a  worm- 
wheel  or  gearing  directly  connected  to  the  dome,  is  through  the  means 
used  for  driving  four  of  the  supporting  rolls.  These  rolls  take  bear- 
ing on  the  circular  track.  They  are  hardened  and  ground  to  the 
proper  diameter  to  get  the  desired  relation  of  speeds.  All  of  the  other 
rolls  are  merely  idlers  for  maintaining  the  fixity  of  axis  of  dome,  and 
all  rolls  are  mounted  in  ball  bearings  to  reduce  the  total  power 
required  in  turning  the  dome.  Ball  bearings  keep  the  resistance  more 
nearly  uniform  than  could  be  maintained  with  plain  bearings. 

36  The  motor  which  furnishes  the  power  was  originally  located 
within  the  building,  but  on  account  of  its  noise  it  was  placed  in  a 
separate  box  outside  of  the  building. 

37  As  shown  in  Fig.  G  this  observatory  is  located  a  short  dis- 
tance from  the  observer's  residence.  It  is  connected  by  an  under- 
ground passageway  which  not  only  serves  as  a  shelter  in  going  to  and 
from  the  observatory,  but  also  as  a  means  for  carrying  telephone  and 
electric  wires,  hot  and  cold  water,  and  the  hot  water  for  heating. 

38  It  is  located  on  the  brow  of  a  terrace  on  which  the  residence 
stands,  at  a  level  a  trifle  lower,  so  that  the  tunnel  rises  in  going  from 
the  lower  room  in  the  observatory  to  the  residence,  about  9  ft.  in  the 
240  ft.  of  length.  This  difference  in  level,  although  it  makes  neces- 
sary the  use  of  a  small  centrifugal  pump  to  induce  the  hot  water  to 
circulate  in  the  observatory,  serves  as  an  aid  in  ventilation. 
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39  The  location  of  the  observatory  on  the  brow  of  a  hill  or  ter- 
race, makes  it  possible  to  get  a  fresh  air  inlet  from  the  lower  part  of 
the  lower  room  by  running  an  air  duct  out  through  the  side  of  the 
bank  to  the  open  air.  In  cold  weather  the  air  rushes  through  this 
air  duct  into  the  observatorj^,  through  the  ventilators  in  the  top 
of  the  door  into  the  tunnel,  and  thence  out  of  the  tunnel  either  at  the 
place  where  the  tunnel  joins  the  residence,  or  through  the  house. 
In  sunmier,  when  it  is  hot  outside,  the  current  of  air  flows  in  the  oppo- 
site direction  At  such  a  time  the  door  to  the  residence  at  the  head 
of  the  tunnel  is  kept  closed  and  another  door  is  opened  to  the  outside 
air.  This  takes  the  fresh  air  from  the  outside,  which  travels  down 
through  the  tunnel  by  gravity,  giving  up  some  of  its  heat  to  the  tun- 
nel walls  and  reaching  the  lower  room  of  the  observatory  at  a  fairly 
comfortable  temperature.  Then,  by  the  aid  of  a  small  portable  fan 
this  air  from  the  lower  part  of  the  room  of  the  observatory  is  blown 
through  an  air  duct  into  the  dome. 

40  In  this  connection,  perhaps,  it  would  be  well  to  state  that  the 
dome  is  lagged  with  wood  on  the  inside  and  the  windows  are  all 
double,  that  is,  there  is  one  set  of  windows  in  the  wooden  lagging  on 
the  inside,  and  another  in  the  metal  dome  outside.  This  air  space 
is  desirable  in  winter  as  well  as  in  summer. 

41  Regardmg  the  form  of  the  building,  this  may  be  almost  any- 
thing from  a  large  spherical  dome  to  one  having  a  hip  roof.  The  one 
feature  essential  to  this  scheme  is  the  proper  neck  for  supporting  the 
turret.  This  neck  should  be  substantially  the  same  as  that  shown  in 
the  present  illustrations.  The  author  selected  the  present  form,  partly 
to  make  it  the  least  conspicuous  from  his  residence,  and  perhaps  it 
was  influenced  by  the  earlier  form  of  the  scheme  in  which  it  was  in- 
tended to  use  a  reflector  instead  of  a  refractor. 

42  Closely  connected  with  this  subject  is,  of  course,  the  cost, 
which  must  be  based  on  the  way  such  things  are  produced.  If  more 
instruments  of  this  kind  are  to  be  made  at  different  times  and  in 
various  places,  there  is  no  hope  of  getting  them  produced  at  a  low 
figure.  There  seems  to  be  only  one  way  of  insuring  the  success  of 
an  instrument  of  this  kind.  Every  machine  builder  knows  it,  and 
yet  the  mere  mention  seems  to  establish  an  antagonistic  attitude  at 
once  in  the  mind  of  the  average  man. 

43  It  has  not  been  considered  ethical  to  take  out  patents  on  scien- 
tific instruments,  and  although  the  writer  has  not  the  courage  of  a 
reformer  to  wage  battle  against  this  sentiment,  yet  when  it  is  such 
common  knowledge  that  machinery  cannot  be  successfully  and  eco- 
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nomically  l)uilt  without  th(»  coiicentnition  of  the  energies  of  a  number 
of  men  for  a  given  purpose,  and  since  this  cannot  be  accomplished 
without  patent  protection,  it  has  been  thought  best  to  apply  for 
patents  on  the  new  features  of  the  i^resent  instrument.  Altlnnigh 
this  will  be  done  without  dedicating  it  outright  to  the  public,  it  is 
needless  to  say  that  no  barrier  will  be  allowed  to  prevent  these  in- 
struments being  built  l)y  any  one  until  some  business  arrangement  is 
made  for  the  exclusive  manufacture  of  some  one  size  by  some  builder, 
and  even  then,  others  may  be  permitted  to  build  other  sizes;  but  all 
such  permission  will  be  given  only  by  letter  and  not  in  a  broadcast 
way  that  would  in  any  way  handicap  the  main  purpose  of  making 
these  machines  available  at  a  low  cost  to  anyone  who  may  desire 
them.  It  goes  without  saying  tliat  with  patents  there  is  alw^ays  the 
thought  of  the  exclusive  right  and  profit  of  the  patentee  and  manu- 
facturer, but  regarding  this  point  it  is  well-known  that  the  low  cost 
of  such  things,  as  well  as  the  best  workmanship  and  results,  can  be 
obtained  only  by  concentrating  all  of  the  work  in  one  plant. 

44  llie  wa-iter  does  not  contemplate  manufacturing  these  instru- 
ments. More  may  be  built  experimentally,  but  not  for  the  market. 
If  others  wish  to  build  instruments  of  this  kind,  permission  will  doubt- 
less be  freely  given,  ])ut  with  certain  restrictions;  but  all  this  must  be 
arranged  in  each  case  by  correspondence. 

45  If  patent  is  granted  no  charge  of  any  kind  will  l^e  made  for 
license  to  build  until  some  arrangement  has  been  made  for  manufac- 
ture on  an  efficient  scale,  and  then  only  such  restrictions  as  in  the 
opinion  of  tlie  patentee  will  be  for  the  best  interests  of  the  science. 

46  In  closing,  the  writer  begs  to  call  attention  to  the  fact  that  the 
great  advancement  in  the  world's  knowledge,  due  to  the  work  of  the 
astronomers,  has  been  carried  on  by  the  men  who  have  braved  the 
mosquitoes  in  summer  and  oliservecl  long  hours  in  the  most  unfavor- 
able temperatures.  These  men  have  been  recruited  from  those  who 
have  taken  up  the  work  as  an  avocation  and  for  every  man  of 
this  number  there  have  undoubtedly  been  ten  or  a  hundred  who  have 
grown  faint-hearted  at  the  mere  thought  of  the  exposure  incident 
to  observing  and  at  the  high  cost  of  the  large  instruments.  With 
means  of  this  kind  made  generally  available  it  is  thought  that  there 
will  ])('  more  men  in  this  work,  and  tliat  from  the  greater  number 
perhajis  even  greater  work  may  be  accomplished  in  the  future. 
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DATA  REGARDING  THE  TURRET  EQUATORIAL 

Object  glass,  10  in.  in  dianioter,  and  150  in.  in  focal  Icnjith. 

Inside  dimensions  of  building,  6  ft.  by  IS  ft. 

Outside  diameter  of  dome,  7  ft.,  4  in. 

Weight  of  dome  casting,  about  li  tons. 

Total  weight  of  dome  with  counterweight,  tube,  etc.,  about  2  tons. 

Weight  of  ring-casting  on  which  the  dome  is  mounted,  1^  tons. 

The  optical  parts  were  furnished  by  The  John  A.  Brashear  Co.,  Ltd.  All  of 
the  other  work  was  home-made,  except  the  two  large  castings  which  were 
cast  and  turned  in  Fitchburg,  Mass. 

The  liour  circle  consists  of  a  flat  ring  having  approximate  dimensions  of  52  in. 
outside,  48  in.  inside,  and  f  in.  thickness. 

The  inner  diameter  is  graduated  down  to  divisions  of  1  minute.  These 
divisions  are  about  0.1  in.  apart.  Vernier  edges  were  provided  for  division 
of  the  minutes  into  seconds,  but  thus  far  a  crude  substitute  has  been  used 
in  preference.  It  consists  of  a  rotating  dial  driven  by  gearing  which  also 
turns  the  dome.  Its  connection  is  such  that  the  dial  makes  1  r.p.m.  With 
the  60  graduations  on  dial,  the  division  of  time  into  seconds  is  very  read- 
able. 

In  use  the  hour  circle  may  be  set  to  the  even  minute  of  position,  leaving  the 
plus  or  minus  of  seconds  to  be  allowed  for  at  the  zenith  point  by  the  time 
piece. 

The  declination  wormwheel  is  24  in.  in  diameter,  and  is  provided  with  two 
worms  located  on  opposite  sides.  These  are  rotatively  connected  by  means 
of  a  cross  shaft  and  spiral  gears. 

In  order  to  prevent  conflict  of  action  an  eccentric  bearing  is  provided  for 
accurately  gaging  the  depth  of  engagement  of  each  worm.  A  separate 
means  for  turning  each  a  very  slight  amount  is  also  provided. 

Graduations  for  minutes  of  degrees  are  carried  bj'  hubs  on  worm  shafts. 

The  proximity  of  the  two  eyepieces  led  to  the  disuse  of  the  finder,  but  if  it  is 
needed  in  future  work,  there  are  a  variety  of  schemes  for  overcoming  this 
difficulty. 

Attention  should  be  called  to  the  rigidity  of  the  eyepiece  and  the  opportunity 
afforded  for  attaching  photographic  and  spectroscopic  apparatus.  This 
feature  is  to  be  found  in  other  telescopes  designed  for  comfort,  but  as  this 
instrument  seems  to  partake  more  of  the  good  seeing  qualities  of  the  stand- 
ard telescope,  it  does  not  seem  out  of  place  to  call  attention  to  this  advan- 
tage it  has  over  the  standard  in  which  the  delicacy  of  the  poise  is  disturbed 
by  added  weight  and  adjustment  of  counterbalances. 
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Fia.  2    Floor  Plan  OP  THE  Upper  Compartment  OF  Observing  Room  AND  THE  Box  odtsidb  the 
Building  in  which  the  Motor  is  located 
Fig.  3    Floor  Plan  of  Lower  Compartment  and  Subway  Entrance 
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Fig.  3a    Longitudinal  Vertical  Section  through  the  Turret 

PiCi.  11a    Original  Form  of  Differential  Motion  for  manually  varying  the  Advance  of 

Dome  as  it  is  turned  by  Motor  to  follow  a  Star 

This  has  been  superseded  by  Fig.  II,  but  may  be  reinstated  again. 
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Fig.  4a    Cross- Section  thi.ough  Turret  on  the  Plane  indicated  by  line  iaia  in  Fig.  3a 
It  clearly  illustrates  the  scheme  of  ribbing  which  was  chosen  to  resist  warping  or  change  of  plane  of 
under  side  of  turret.     It  also  shows  its  stability  to  resist  any  tendency  to  lose  its  true  circular  form  of 
track,  42/  in  Fig.  4.     The  entire  precision  depends  on  the  reliability  of  this  plane  and  circular  face  of 
turret.    This  may  be  considered  the  most  essential  element  in  the  whole  structure. 
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Fig.  4    Section  through  the  Turret  indicated  by  Line  4 — 4,  Fig.  1 
The  eight  conical  rolls  42a  furnish  a  support  to  plane  the  face  of  the  turret.     Their  office  is  to  keep  the 
axis  of  the  turret  truly  parallel  with  the  axis  of  the  earth;  that  is,  they  prevent  the  turret  from  tilt- 
ing.   The  four  rolls  at  the  top,  marked  56,  are  the  driver  rolls.    The  circular  track  of  turret  is  shown 
in  section  42/.    The  turret  hangs  on  these  driving  rolls  held  in  position  laterally  by  side  rolls  57. 

The  four  rolls  marked  58  at  the  bottom  of  the  figure  are  to  relieve  the  burden  on  driving  rolls  56 
when  the  Instrument  Is  not  in  use. 

Figs.  5  and  6  North  and  West  Elevations  of  the  Telescope  and  Dome  showing  Telescope 
pointed  to  Zenith;  also  by  dotted  Lines,  Vabious  Other  Positions  of  the  Telescope 
relative  to  the  Dome 
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Figs.  7  and  8    Plan  and  Elevation  of  Driving  Rolls  and  thbir  Gears 
Fig.  9    Clutch  Mechanism  for  the  Slow  Motion  of  Dome    (See  Fig.  10) 
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Fio.  10     Diagram  showing  Transmission  Gkakixo  and  Clutches  that  ohe  the  Motions  to 
THE  Turret.    It  Extends  from  the  Top  to  the  Bottom  of  the  Page 

The  fast  motion  forward  and  back  is  under  control  of  lover  78  and  the  slow  n;otlon  is  controlled 
by  lever  82.  These  levers  interlock  to  prevent  conflicting  engagement.  The  slow-motion  clutch  Is 
shown  as  a  friction  chitchat  69  and  C9a,  and  the  fast  motion  clutches  are  of  the  positive,  or  toothed- 
clutch  type  and  are  shown  rather  obscurely  at  70d  and  7f)6.  These  gears  with  their  clutches  are  located 
in  a  gear  box  on  the  floor  of  the  ob.serving  room  (Fig.  2).  The  shafts  70  and  7()a  which  transn:it  f  he 
motion  from  this  box  to  the  upper  group  of  gearing  are  unfortunately  ob.scured  in  this  view  li\-  the 
lever  control  sliaft,  77rf.     They  may  be  more  clearly  seen  in  Fig.  3a. 

Fig.  Ifi     Slip  Box  or  S.^fety  Coupli.ng  between  the  Two  Shafts  70  and  70a 

It  is  wholly  unnecessary,  for  the  driving  rolls  slip  when  any  undue  resistance  is  encountered. 
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Fig.  17  Sectional  Portiox  of  the  Turret  through  the  Declination  Axis,  showing  also 
Section  OF  THE  Lower  Part  OF  Foundation  Ring  WITH  one  of  the  Conical  Supporting  Rolls 
IN  Section 

The  part  of  the  foundation  ring  shown  is  the  same  as  the  lowest  part  shown  in  Fig.  3a.  In  Fig.  17 
the  end  of  the  telescope  tube  is  represented  by  41.  It  is  attached  to  the  licad  declination  arbor  41i. 
This  arbor  turns  in  bushing  61  which  is  forced  into  turret  seats  at  61a;  and  61ar. 

The  cone-shaped  beam  of  light  from  the  object  glass  comes  down  through  tube  41,  passes  through 
prism  59  which  changes  iLs  direction  90  deg.,  delivering  it  to  the  focal  point  near  ocular  40.  The  light 
for  the  finder  enters  through  opening  606  dirt^tly  into  prism  60j,  thence  through  an  object  glass  (not 
shown)  which  is  located  In  the  inner  opening  of  60a.  From  this  object  glass  it  converges  to  focal  point 
near  the  finder  eyepiece  60. 
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Figs.  18  to  22    Various  Views  of  Declination  Wormwheel  and  its  Control  by  Double  Worms 
The  form  of  the  wheel  and  Its  connection  to  the  arbor  la  not  ideal,  but  may  be  very  much  improved 
In  any  later  work. 
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Fig.  28  A  Schematic  Arrangement  of  the  Essential  Elements  in  the  Mounting  of  this 
Telescope,  namely,  the  Flat  Circular  Ring  Mounted  on  Conical  and  Cylindrical  Rolls, 
Means  for  Adjusting  Formation  Ring  and  for  Driving  Rolls 

Smaller  turrets  might  be  made  without  use  of  supporting  rolls  and  by  going  back  to  the  worm  drive 
instead  of  the  roller  drive     A  great  variety  of  circular  hollow  bearings  might  be  used  for  smaller  tur- 
rets, but  for  one  of  the  present  size  a  single  true  plane  and  a  single  circular  track  with  rolls  seem  to 
be  the  best. 
Figs.  23  to  27    Various  Views  of  Verniers  for  Hour  Circle 
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Figs.  29  to  33     Diagrams  showing  one  of  the  many  possible  Modifications  of  Declination 

Control 
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Figs.  34  to  36    Details  of  Scheme  shown  in  Figs.  29  to  33 


DESIGN  CONSTANTS   FOR   SMALL  GASOLINE 

ENGINES 

By  W.  D.  Ennis 
ABSTRACT  OF  PAPER 

Common  rating  formulae  consider  piston  displacement  as  the  only  variable. 

The  expression  ^    ^^  is  suggested  for  brake  horsepower  at   1000  ft.  piston 

speed.  The  factors  influencing  the  value  of  C  are  examined  quantitatively, 
and  its  probable  limits  are  found  to  be  5,970  and  11,008  for  a  4-cycle  cylinder, 
depending  on  the  design  and  operation.  These  limits  correspond  to  the  range 
of  mean  effective  pressures,  55  lb.  to  90  lb. 

An  attempt  is  made  to  develop  a  more  general  expression  which  shall  include 
the  effect  of  piston  speed  variations.     The  form  of  this  expression  is 

CrP  AS^ 

brake  h.p.  =  

^        24,200,000 

in  which  there  may  be  employed  the  tentative  values  /=1.85,  e=0.9. 

The  internal-combustion  motor,  unlike  a  steam  engine  used  for  traction, 
can  develop  full  power  only  at  full  speed.  The  steam  locomotive  can  fu  nish 
a  maximum  horsepower  output  even  at  very  low  velocities,  by  using  a  late 
point  of  cut-off.  When  an  automobile  must  run  slowly  against  heavy  resist- 
ances as  in  hill-climbing,  the  large  amount  of  power  required  necessitates 
high  piston  speed  and  gear  reduction. 

As  with  the  steam  locomotive,  the  tractive  force  is  (within  certain  limits) 
approximately  independent  of  the  piston  speed.  We  may  make  independent 
assumptions  as  to  tractive  force  and  car  velocity  for  one  condition  only.  These 
being  fixed  by  requirements,  the  horsepower,  cylinder  dimensions  and  gear  are 
also  fixed.  For  any  other  requirements,  if  the  resistance  be  prescribed,  this 
fixes  the  gear  ratio  at  maximum  output  (which  corresponds  to  maximum  pis- 
ton speed)  and  the  corresponding  car  velocity  may  be  computed  from  the 
resistance  and  horsepower.  If  on  the  other  hand  the  velocity  is  prescribed, 
the  gear  ratio  (for  maximum  power  and  piston  speed)  is  at  once  fixed,  and  this 
determines  the  tractive  force. 
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DESIGN  CONSTANTS  FOR  SMALL  GASOLENE 

ENGINES 

WITH  SPECIAL  REFERENCE  TO  AUTOMOBILE  WORK 

By  William  D.  Ennis,  Brooklyn,  N.  Y. 
Member  of  the  Society 

The  following  notations  and  expressions  apply  to  a  single- 
icting  water-cooled  cylinder  in  a  traction  engine  using  gasolene  as  fuel : 
p  =  absolute  pressure  of  gas  or  mixture,  in  lb.  per  sq.  in. 
y  =  volume  of  gas  or  mixture,  in  cu.  ft. 
7"  =  absolute  temperature  of  gas  or  mixture 
D  =  displacement  of  piston  per  stroke,  in  cu.  ft. 
*S  =  speed  of  piston,  in  ft.  per  min. 
TF  =  ideal  work  done  per  power  stroke,  in  ft-lb. 
d  =  diameter  of  cylinder,  in  in. 
5  =  stroke  of  piston,  in  in. 
r  =  revolutions  per  minute  made  by  engine 
iV  =  revolutions  per  minute  made  by  wheel  of  car 
«j  =  diameter  of  loaded  car  wheel,  in  in. 
/^  =  ideal  tractive  force,  in  lb. 
^=  head-end  area,  in  sq.  ft. 

n  =  an  empirical  exponent,  having  a  value  between  1.29  and 
L38 
Fo  =  velocity  in  ft.  per  sec;  F  =  velocity  in  miles  per  hour 
m  =  weight  of  car  (loaded),  in  lb. 
i2  =  total  resistance  to  propulsion,  in  lb. 
I  =  a  factor  by  which  W  may  be  multiplied  to  ol^tain  actual 
work  at  the  engine  shaft 
Pm  =  average  continuous  net  effective  pressure  in  the  cylinder, 
lb.  per  sq.  in. 
M  =  ratio  of  rotative  speeds  (r.p.m.)  of  car  wheel  and  piston 
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2    The  preliminary  relations  given  below  at  once  follow: 

RV 


dh  =  2200  Z),      sr  =  6S,     h.p.  (at  tires)  = 


375.5 


336F  =  Nw,      Vo  =  1.462F     Vl  =  2.15F2 

3  Fig.  1  is  taken  as  the  reference  indicator  diagram  for  further 
analysis,  the  lines  23  and  41  being  vertical,  and  the  value  of  n  being 
the  same  for  expansion  as  for  compression.     We  have 


^ — 1> ., 

Fig.  1    Reference  Diagram 


Also,  letting  —  =  a 

Vl 

.  D  aD 

vi—Vi  =  D;    V2  =  avi]    vi (1  — a)  =  D;    vi  =     _     ;   v^  =  7_  "" 


W  = 


144  Z) 


f  ] 

^|a(??3-p2)  +  Pi-Pi[ 


(n-1)  (1- 

4     Ignoring  journal  and  transmission  friction, 
work  at  cylinder  =  work  at  tires 


[1] 


F  = 


_  d^srpm  ^  llOODrpm  ^  Sd^Spm 
2Nw  Nw        ~     Nw 


.[2] 
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W  W 

and  since  Pm  =  .       ^  . .  ^ ..  we  have,  letting—  =  c 


F  = 


ll52A^ 


1.915  cDr 

Nw 


[3] 


5     If  the  car  moves  at  a  velocity  Fo  as  compared  with  that  of 
the    surrounding   air,  then,  ideall}^,  the    resistance   due    to    air    is 

R^  =  0.0025  AV^ [4] 

Experimentally  determined  resistances  on  actual  surfaces  differ  from 
this;  but  since  the  automobile  presents  several  successive  approxi- 
mately^ norrnal  resisting  surfaces  it  may  be  well  to  retain  the  factor 
0.0025,  interpreting  A  to  mean  the  transverse  clearance  area  between 
the  bottom  of  the  chassis  and  the  top  of  the  body  (Fig.  2). 


Fig.  2    Head-End  Area 
Hatching  denotes  Transverse  Clearance  Area,  taken  as  Equivalent  to  the 
Head-End  Area  in  the  Formula  R  =  miAV'^ 

6  On  a  grade  of  (lOOA;)  per  cent,  the  resistance  due  to  the  grade 
(Fig.  3)  is 

Rg  =  mk [5] 

7  Acceleration  conditions  are  seldom  decisive  (Par.  23).  The 
car  must  then  be  designed  to  (a)  develop  a  uniform  speed  of  V, 
miles  per  hour  on  a  straight  level  track,  or  (6)  ascend  a  straight  grade 
k  aX  2,  speed  of  T^'g  miles  per  hour:  the  wheel-rim  resistances  being 
derived  from  equations  [4]  and  [5]  respectively 

728  =  0.0025  AVi  and  i?<3  =  m/c+ 0.0025  AV^ [6] 

8  The  work  done  in  the  reference  diagram  of  Fig.  1,  per  power 
stroke,  is  from  equation  [1] 

cD  =  W  ft-lb. 
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For  a  single-acting  4-cycle  cylinder 

TFr  crD 

h.p.  = 


66000      66000    ' 
Alternatively,  from  equation  [2] 

FV        1100  i)rpmF 


[7] 


h.p. 


375.5 


375.5  A^w 


Nw  c 

^^*  ^'=5^'  ^^^^^  P°»=  "H^  >  whence 
33d  57o 


h.p.  = 


1 100  DrcAw  _    crD 

576xT36'><375.5 Nio  ~~  66000 
crd^s  cd^S 


145,200,000      24,200,000 


.18] 
.[9] 


Fig.  3    Grade  Resistance 

ab  ef      ah 

—  =  k      — ,  =  —      ef  =  km  lb. 

ac  ea      ac 


9  The  following  relations  (referring  to  Fig.  1)  will  be  found  useful: 

10  By  making  a  comparatively  small  number  of  assumptions  we 
may  now  arrive  at  an  arithmetical  expression  for  equation  [1].  In 
general,  values  of  pi  for  4-cycle  engines  will  be  between  12  and  14. 
The  value  of  n  will  range  from  1.29  to  1.38,  that  of  Ts  will  be  taken  in 
all  cases  at  3460  deg.,  while  Ti  may  vary  between  600  deg.  and  7G0 
deg.  An  assumption  must  be  made  as  to  either  T2  or  ^2."  it  is  the 
temperature  which  really  determines  the  condition  at  the  state  2, 
but  practice  has  pretty  well  standardized  p^  at  various  values  for 
different  types  of  engine  between  45  and  100. 
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11  In  order  to  establish  the  limits  of  value  of  equation  |1],  care 
must  be  taken  to  adopt  properly  contemporaneous  figures.  In  the 
general  case,  pi,  T3  and  p2  being  assumed,  (vi  -  V2)  varies  inversely 
as  the  value  of  n.     Now 

P-2  rj^JV 


P3-P2 


P2T3 


T, 


n-l 


P2 


The  rise  of  pressure  during  combustion  thus  varies  inversely  as  the 
value  of  n  and  inversely  as  Ti.    Since  it  is  the  condition  of  maximum 


Fig.  4    Diagram  at  High  Speed 


work  that  both  (ps-pz)  and  (vi  -  V2)  should  be  maximum,  then  a  low 
value  of  n  is  desirable.  It  also  appears  that  at  maximum  work  con- 
ditions Ti  should  be  a  minimum,  as  should  pi.  We  have  then  the 
following  concurrent  values: 

4-Cycle  Cylinders 

Type                                                                                   n  px      T,  Ti  pt 

Best 1.29  12  3460  600  100.0 

Normal 1.32  12  3460  660  93.0 

Worst 1.38  14  3460  760  45.0 

Derived  Values 

T  — 

yP^  vi  T2      pz       Pi  cl    (assumed)      cl 

Best 0.193      967    358    43.0    12950        0.85        11008 

Normal 0.212     1080    298    38.4      9786        0.80  7830 

Worst 0.429     1049     148    46.2      7960        0.75  5970 
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These  values  will  be  used  in  the  subsequent  discussion,  although  an 
adequate  series  of  experimental  values  of  pm  is  to  be  preferred. 
12     If  in  equation  [9]  we  substitute  the  values  c  =  9786,  5  =  1000, 


dr  d^ 

TT-TT^,  a  close  confirmation  of  the  ;r-=  formula  of  the 
2.49  2.5 


we  obtain  h.p. 

Association  of  Licensed  Automobile  Manufacturers.  This  is  horse- 
power gross,  and  the  power  available  for  propulsion  will  be  reduced 
to  an  extent  determined  by  the  amount  of  cylinder  loss,  journal  and 
transmission  friction. 

13  At  high  piston  speeds,  the  reference  diagram  (Fig.  1)  becomes 
seriously  modified,  taking  some  such  shape  as  that  of  Fig.  4.  The 
combustion  line  23  slopes  away  from  the  vertical,  and  ps,  pi  and  c 
are  all  reduced.     This  effect  may  be  expressed  by  substituting  for  S 


>i^ 

^^^' 

s^^-' 

t^ 

^ 

s**=^ 

^^^ 

^-^ 

:.'00 


400  tJOO  800 

Pistou  Speed,  Ft.  imv  Min.,=S 


1000 


1300 


Fig.  5    Effect  of  High  Piston  Speeds 


in  equation  [9]  or  in  other  equations  containing  implicit  values  of  S, 
the  term 

in  which  />1,  e<l.  Consideration  of  a  number  of  comparatively 
slow-speed  diagrams,  with  some  power  measurements  at  high  speeds, 
suggests  the  tentative  values  forpistonspeedsexceeding500ft.,/=  1.85, 
6  =  0.9,  as  leading  certainly  to  more  nearly  correct  results  than 
the  assumption  of  constant  mean  effective  pressure  at  all  speeds. 
Fig.  5  represents  on  this  basis  concurrent  values  of  S  and  fS°,  and  of 
horsepower,  mean  effective  pressure  and  tractive  power,  corrected 
and  uncorrected  for  piston  speed. 

14  There  seems  to  be  no  good  reason  why  speeds  and  grades 
should  not  be  standardized  for  various  types  of  service,  so  that  spe- 
cific values  may  be  at  hand  for  equations  [6],  say  for  recognized 
standard  cars  like  a  town  car,  touring  car,  light  roadster  or  truck. 
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The  power  equipment  may  thus  be  more  or  less  standardized  and 
consequently,  also,  the  total  weights  of  the  cars. 

15  The  capacity  of  the  cjdinder  increases  indefinitely  with  the 

piston  speed,  but  the  economy  falls  off  as  the  piston  speed  increases. 

Maximum  horsepower  at  maximum  piston  speed  should  be  based  on 

RV 
equations  [6]  and  the  relation  h.p.=  „   _  _.     When  less  horsepower 

o  /  0 . 0 

is  required,  the  piston  speed  should  be  cut  down,  and  the  required 
speed  of  car  maintained  by  introducing  a  new  gear.     In  general 

«  =  ='='«I [101 

rw 

16  A  rather  lunited  group  of  observations  indicates  that  the  effect 
of  journal  and  transmission  friction  may  be  represented  by  an  equiv- 
alent constant  loss  of  ideal  tractive  force.  For  a  given  car,  nearly 
regardless  of  speed  variations,  the  tractive  force  at  the  wheel  rim  is 
therefore  taken  at  g  lb.  less  than  the  ideal  computed  tractive  force. 

17  Since  in  a  given  cylinder  the  horsepower  varies  as  /S* 

V 

and  since  u  varies  as  — when,  as  in  a  given  car,  the  wheel  diameter 

and  stroke  are  fixed 

18  Two  of  the  basic  formulae  will  now  be  grouped  for  reference: 

^•P-=^^  +  ^^  375:5  =  24,200,000 ^"^ 

^-192iV^-^  +  ^-64,512T ^^^ 

19  As  an  illustration,  consider  a  touring  car  weighing  (loaded) 
3300  lb.,  having  an  equivalent  head-end  area  of  26  sq.  ft.  (Fig.  2), 
driven  by  a  4-cylinder  4-cycle  engine,  and  required  to  maintain  a 
speed  of  50  miles  per  hour  in  still  air  on  a  straight  road,  or  of  20  miles 
per  hour  on  a  9  per  cent  grade.  The  rolling  circumference  of  the 
loaded  rear  wheels   is   8.96  ft.,  whence  their  diameter  is  34.1  in. 
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(nooiinally  34-in.  tires).     The  friction  loss  from  the  cylinders  to  the 
tires  is  taken  at  50  lb. 

20     These  conditions  make  the  formulae  yield 

R,  =  0.0025  X  26  X  50^  =  162.5 
R^  =  (0.09  X  3300)  +  (0.0025  X  26  X  20^)  =  323 

h.p.,  =  (162.5  +  50)  -"^  =  28.25 
o7o.5 

20 

h.p.,=  (323  +  50)^J^=  19.8 

Maximum  horsepower  must  be  attained  at  a  piston  speed,  say  of 
1000  ft.  per  min.;  then,  from  Par.  18 


28 .  25      7830^2  X  1 .85  X  1 000 


0.9 


4  24,200,000 

or 

162.5  +  50      7830fZ2  x  1.85  X  1000°-^ 


and  f/  =  4.84  in. 


and  d  =  4.84  in. 


4  64,512X50 

Assuming  a  stroke  of  5  in.,  giving  r  =  1200  r.p.m.  at  ful   speed 

336X50  „.. 

^  =  1200  X  34.1  =  ^-^^ 

For  the  grade  condition,  we  have 

336X20 

,    .  6*S       4200      ^.^ 

and  since  r  =  —  =  — - —  =  840 
s  5 

^^'^X^"        0.235 


"     34.1  X  840 
Or,  directly 

7/g      212.5/ 700  V-«-^°      ^  ^^^^ 

—  =  -^y^^    ^^  and  Wg  =  0.235 

u        373    VlOOO/ 

21     The  cylinder  will  then  be  4|  in.  by  5  in.  and  the  gear  ratios  for 
the  two  conditions  0.41  and  0.235,  or  as  they  usually  described,  in- 
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3 

verscly,  2.44  and  4.25.     A  single  -  ratio  might  possibly  be  used  for  the 

two  conditions,  witli  added  higher  ratio  gears  for  use  when  starting 

3 
or  ascending  limiting  grades.     The  use  of  a  -  ratio  involves,  under  the 

level-road  condition,  either  a  reduced  velocity  of  car  for  a  given  pis- 
ton speed,  or  an  increased  piston  speed  to  maintain  the  required  max- 
imum car  velocity.  On  the  grade,  the  change  in  gear  ratio  cuts 
down  the  tractive  force  and  the  car  will  not  meet  the  specified  con- 
ditions, .even  though  equipped  with  a  motor  of  ample  size. 

22  The  matter  of  gear  ratios  is  closely  associated  with  the  char- 
acteristics of  the  car.  For  the  two  conditions  given,  the  desirable 
ratios  are  2.44  and  4.25.  The  grade  condition  is  the  easier  one  to 
meet,  and  does  not  require  maximum  horsepower.  With  the  cylin- 
der available,  at  1000  ft.  piston  speed,  the  velocity  that  might  be 
attained  on  the  grade  is  found  from  the  expression 

28.25  =  [50  +  (0.09  X  3300)  +  (0.0025  X  26  X  V^]     ^ 


375.5 

to  be  nearly  28  miles  per  hour.     At  this  velocity 

336  X  28  „  _^ 

"  =  i2oirx3ii  =  ^-'^ 

and  a  gear  ratio  of  4.35  becomes  desirable.  This  does  not  greatly 
exceed  the  gear  ratio  for  a  grade  velocity'-  of  20  miles  per  hour,  when 
the  piston  speed  is  reduced  to  700  ft.  per  min.  and  the  horsepower  to 
19.8.  A  high  ratio  gives  low  values  of  V  at  maximum  piston  speeds, 
required  at  the  moment  of  starting.  The  lowest  ratio  desirable  is 
that  for  maximum  velocities;  with  ordinary  wheel  diameters  it  will 

120 

never  be  far  from  —r-  at  1200  r.p.m.  of  the  engine,  where  V  is  the 

maximum  velocity  required;  or  generally,    '   '    '-• 

ACCELERATION   CONDITIONS 

23  When  a  car  starts  on  a  straight  level  road,  the  resistances  to 
be  considered  are  (a)  friction,  (b)  head-end  resistance  and  (c)  that 
due  to  acceleration.     In  the  following  analysis,  the  first  will  be  ig- 

*  The  increase  in  grade  velocity  only  slightly  increases  the  resistance,  trac- 
tive force  and  gear  ratio,  because  the  grade  resistance  greatly  exceeds  the  veloc- 
ity or  head-end  resistance. 
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nored  and  resistance  and  horsepower  will  be  referred  to  the  wheel 
rim  rather  than  the  cylinder. 

24  The  car  starts  under  a  constant  tractive  force,  capable  of 
overcoming  a  constant  resistance,  while  the  motor  is  getting  up  to 
full  power  and  speed,  the  car  meanwhile  accelerating.  As  soon  as 
maximum  power  is  reached,  further  increase  in  velocity  is  possible 
only  as  the  resistance  decreases,  acceleration  becomes  less  rapid,  and  the 
product  of  the  resistance  and  the  velocity  is  constant.  If  we  ignore 
the  question  of  gears,  or  rather,  if  we  assume  a  continuous  variation 
of  gear  ratio  to  be  possible,  this  condition  of  things  will  continue  until 
the  head-end  resistance  alone,  at  the  attained  velocity,  consumes  all 
the  power.  Acceleration  will  then  cease  and  the  car  will  thereafter 
move  at  constant  speed,  resistance  and  horsepower. 

25  During  the  early  part  of  acceleration,  the  head-end  resistance 
is  negligible.  With  any  reasonable  (wheel  rim)  tractive  force,  the 
fraction  thereof  not  available  for  acceleration,  at  velocities  below  5 
miles  per  hour,  may  be  safely  ignored.     Within  this  limit 

Force  =  mass  X  acceleration 

dVo  ^     ^      S2.2R 

— ;—  =  constant  =  • 

at  m 

where  R  is  the  available  tractive  force.     For  the  particular  car  under 

12 
discussion,  let  the  gear  ratio  (first)  be  — .     Then  assmne  that  the 

motor  will  work  with  constant  tractive  force  up  to  1200  r.p.m.,  when 

the  r.p.m.  at  the  wheel  will  be  =  100,  and  the  miles  per  hour 

_34.1X1007r_ 
^''-       12x60      -^^-^^ 


and 


^  =  17462  =^^-1^ 


162  5 
At  this  speed,  the  motor  will  develop  28.25  ( -^^^-  )  =  21.6  h.p.  at 


212.5 


the  wheels  (Par.  20),  and  therefore 


fl=  37^X^6  =3„^,^_ 


Then,  since  dFo  =  1.462  dV 


dV  .      ,        32.2X802 

dT  ^^^^^^'-^^'^  1162X3300  ^'-^^ 
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and  for  the  attainment  of  a  velocity  of  5  miles  per  hoiu'  the  elapsed 

5 
time  is  -  ^,  =  0.94  seconds.     In  the  velocity-resistance  diagram,  Fig. 

5. DO 

6,  we  therefore  draw  the  horizontal  line  cd  from  1^0  =  0  to  Vo=  14.83, 
with  R  =  802.  In  the  speed-time  diagram,  Fig.  7,  we  draw  the  straight 
line  Oa  from  V  =  0,  t  =  0  to  V  =  5,  t  =  OM. 

26  The  point  a  in  Fig.  7  lies  between  c  and  d  in  Fig.  6.  To  deter- 
mine the  speed-time  relation  beyond  a  (Fig.  7)  and  up  to  d  (Fig.  6), 
we  must  consider  both  head-end  rcsistance^^^and  acceleration  resis- 
tance.    The  sum  of  these  remaining  constants 
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Fig.  6    Head-End  and  Accelerating  Forces 


i^2=802==0.0025AF2. 


m    dVc 


=  0.065  F2-f-  102.3 


32.2  dt 

dVo 
dt 


This^gives,  for  7  =  5,  f  =  0.94;  for  F  =  10,  f=1.87;  and  for  F=  10.17 
(limit),  ^=1.92.     The  curve  ag  in  Fig.  7  is  plotted  with  these  values. 
27     From  this  point 

h.p.  =  constant*  =  (o.0025  AP+ gf^^^")  At 

*  More  strictly,  as  shown  by  equation  [3]  ,Par.  18,  the  horsepower  does  not 
increase  quite  as  rapidly  as  the  piston  speed;  but  it  seems  a  fair  simplification 
of  the  problem  to  proceed  in  the  manner  suggested. 

t  The  rate  of  doing  work  when  the  instantaneous  force  isiJ^  and  the  instan- 
taneous velocity  is  Fo,  is  the  same  as  that  when  a  constant  force  iJj  moves 
the  car  at  the  constant  velocity  Vq  for  one  second  of  time. 
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If  the  car  moves  in  a  vacuum,  so  that  there  is  no  head-end  resistance 

m    dVo  Vo 


h.p.  =  constant  = 


32.2    dt  550 


the  equation  of  a  parabola  having  its  vertex  at  the  origin  and   its 
focus  in  the  time  axis.     In  the  general  case 

R'^V(i  =  ^  constant 

R^V  =a  constant 
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Fig.  7    Acceleration  Curves 
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equations  of  an  equilateral  hyperbola  referred  to  its  asymptotes, 
the  axes  of  R^  and  F  or  Vo-  This  is  plotted  as  the  curve  adleh,  Fig. 
6,  and  continues  until  the  head-end  resistance  alone  consumes  the 
power,  when 


h.p.  =  a  constant  = 


0.0025  ^F^F, 


550 


which  for  our  conditions  gives 

y  =  50,  Fo=72.1 
point  e,  Fig.  6. 
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28  From  c  through  d  to  e,  Fig.  6,  the  total  resistance  is  the  sum  of 
two  items,  which  may  be  separately  shown.  Thus,  at  any  velocity 
T'o  (  =  1.462F),  the  head-end  resistance  is 

0.0025  Ar-=omo3  Vo^ 

from  which  wc  liavc 

Velocity,  ft.  per  sec 10  20        30        40        50  GO      70 

Head-end  resistance 3.03     12.1     27.3    48.5    75.9     109     148 

These  values  give  the  curve  ohke,  Fig.  6.  Any  ordinate,  like  hj,  Id, 
Ijang  between  this  curve  and  cde,  represents  the  force  available  for 
producing  acceleration,  at  the  given  velocity. 

29  The  first  expression  in  Par.  27  gives 


54.2-  0.0304351' 


whence 
i  =  15.32 


1         /  2500  4-  50F  +  V'   \     ^  _„_     -^  i^V  +  50 
2^^S^l2500-  lOOF  +  rJ-l-733tan     (^  ^_- 


±  a  constant 

which  yields 

Velocity,  miles  per  hour 10. 17     11  15  20  30  40 

Elapsed  time  from  starting,  seconds..   1.92      2.06      2.98      4.78     10.10    20.3 

The  curve  is  now  plotted  to  the  right  from  g,  Fig.  7. 

30    To  express  acceleration  in  terms  of  distance  traversed,  a  graph- 

ical  approximation  from  Fig.  7  should  be  sufficient.     Since  dV=  — , 

S,  the  distance  traversed  in  the  time  t  at  the  velocity  V,  is  the  area 
under  the  speed-time  curve  ogy.  As  far  as  the  point  ?,  where  7  =  15, 
it  can  be  regarded  as  triangular;  and  the  space,  in  feet,  traversed  from 
starting  is,  at  a 

5  X  0.94  X  1.462  _^^^ 


and  at  z 

15  X  2.98  X  1.462 


=  32.6 
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From  this  point,  accurate  distances  may  be  determined  by  a  plani- 

meter;  or,  approximately,  from 

F  =  15  to  F  =  20,  distance  traversed  =17.5X1.80X1.462  =  46.0  feet, 

elapsed  distance  =  32.6+46.0  =  78.6  feet: 
7  =  20  to  7  =  30,    distance    traversed  =  25  X  5.32  X  1.462  =  194  feet, 

elapsed  distance  =  78.6+ 194  =  272.6  feet. 
These  values  give  curve  B,  Fig.  7. 

31  Considering  the  graph  cde,  Fig.  6:  after  the  point  d  is  passed, 
the  piston  speed  (a  function  of  7o  at  a  given  gear)  becomes  exces- 
sive. This  is  corrected  by  throwing  in  a  new  gear.  If  the  car  can 
for  a  short  time  maintain  its  velocity,  the  change  of  gear  will  decrease 
the  r.p.m.  and  h.p.  of  the  motor,  and  the  graph  from  d  will  be  as 
shown  by  the  dotted  lines  dmn.  If  the  car  slows  down,  the  action 
is  as  along  dqiyin.  The  curve  de  is  then  purely  ideal,  a  sort  of  result- 
ant of  a  series  of  steps  like  dmn  or  dqmn,  and  the  degree  of  approach 
of  the  actual  steps  to  the  ideal  curve  will  be  related  to  the  number 
of  gear  changes.  Under  a  fixed  maximum  piston-speed  limit,  the 
velocity-resistance  curve  would  consist  of  a  series  of  alternate  constant- 
velocity  and  constant-resistance  paths,  and  the  speed  time  curve 
would  be  made  up  of  a  series  of  alternate  straight  vertical  lines  and 
curves  like  ag,  Fig.  7.  Supernormal  piston  speeds  introduce  still 
further  modifications  of  the  ideal  curve. 

CONCLUSIONS 

32  a     The  horsepower  developed  at  the  engine  shaft  by  one  single- 

acting  4-cycle  cylinder  at  1000  ft.  piston  speed  may  be 
written 

26000 

where  d  is  the  cylinder  diameter  in  in.  and  C  has  a  value 
between  5970  and  11008,  as  specified  in  Par.  11. 
6     The  horsepower  developed  at  any  piston  speed  S  may  be 
written 

24,200,000 

tentative  values  for  the  constants  being,  /=1.85,  c==0.9, 
*S>500. 
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The  Avheel-rim  tractive  force,  in  lb.,  necessary  for  speed  on 
a  level  road  only  is 

7^3  =  0.0025  AV^ 
A  being  the  transverse  clearance  area  of  the  car,  in  sq. 
ft.,  and  V  its  speed  in  miles  per  hour. 
That  necessary  for  a  speed  T^g  on  a  grade  k  is 

7?g  =  0.0025  AFg2  +  mk 
m  being  the  weight  of  the  car  in  lb. 
The  tractive   force   referred   to   the   engine    shaft   for  a 
wheel-rim  tractive  force  R  is 

g  being  probably  about  constant  for  a  given  car. 
The  fundamental  equation  of  design  is  then 

Cd^fS'     _(R  +  g)V 
24,200,000  375.5      ^  ^ 

which  at  1000  ft.  piston  speed  becomes 

Cd 


69.1 


(R+g)  V fi3] 


Equation  [13]  should  be  used  to  determine  d  at  the  condi- 
tion of  maximum  power,  and  the  corresponding  neces- 
sary gear  ratio  is        * 

336  7 


u  = 


Nw 


where  N  =  r.p.m..  of  car  wheel  having  a  diameter  of  w  in. 
For  any  other  condition,  independent  assumptions  as  to 
velocity  and  horsepower  are  impossible.  The  engine 
must  have  sufficient  speed  to  develop  the  required  horse- 
power. If  the  wheel  speed  is  also  fixed,  the  gear  ratio 
is  fixed  and  the  limit  of  tractive  force  established.  The 
gear  ratio  for  a  given  car  is  a  function  of  both  the  total 
resistance  and  the  piston  speed. 


EXPENSE   BURDEN:  ITS  INCIDENCE  AND 
DISTRIBUTION 

By  Sterling  H.  Bunnell 

ABSTRACT  OF  PAPER 

Correct  cost-keeping  is  taking  rank  with  the  i)roblems  of  construction  in  the 
work  required  of  the  engineer.  Factory  burden,  an  important  item  of  man- 
ufacturing cost,  is  to  be  regarded  not  as  waste,  but  as  the  continuing  outlay 
for  the  maintenance  of  the  active  concern.  High  or  low  ratios  of  burden  to 
direct  or  prime  cost  give  no  direct  indication  of  the  degree  of  operating  effi- 
ciency. Burden  items  should  be  analysed  in  detail  and  allocated  to  the  vari- 
ous producing  units  of  the  factory,  so  that  the  cost  of  maintaining,  operating 
and  supervising  each  unit  may  be  known  and  charged  as  a  time  rate  against 
the  cost  of  each  item  of  work  passing  through  the  unit.  The  method  of  pro- 
cedure is  illustrated  in  connection  with  a  small  machine  shop.  The  normal 
running  expense  or  burden  is  scheduled,  and  accounting  methods  are  suggested 
by  which  the  efficiency  of  the  management  in  keeping  expense  in  agreement 
with  the  schedule,  may  be  shown.  The  net  result  of  such  a  rational  method  of 
distributing  expense  burden  is  to  stabilize  the  cost  of  product  against  the  effect 
of  temporary  changes  in  the  expense  schedule,  while  providing  a  definite  stand- 
ard of  running  expense  as  a  measure  of  the  efficiency  of  the  supervising  depart- 
ment. 
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EXPENSE  BURDEN:  ITS  INCIDENCE  AND 
DISTRIBUTION 

By  Sterling  H.  Bunnell,  New  York 
Member  of  the  Society 

As  the  various  problems  of  engineering  design  and  construction  are 
reduced  to  the  appUcation  of  known  rules.,  precedents  and  data,  the 
element  of  cost  enters  more  prominently  into  the  calculations  on  which 
the  choice  of  plans  is  based.  Almost  any  engineering  construction, 
whether  railroad,  bridge,  tunnel,  transmission  line,  factory  or  me- 
chanical device,  can  now  be  produced  with  materials  and  methods 
in  easy  reach.  The  question,  "Can  it  be  done?"  has  given  place  in 
importance  to  "Will  it  afford  an  attractive  return  on  the  investment?" 
The  engineer  must  now  master  in  addition  to  the  mathematics  of 
materials  and  of  electricity,  the  problems  of  financial  operation,  the 
principles  of  estimating  correctly  and  providing  for  fixed  charges, 
as  well  as  operating  expense,  and  all  the  other  details  of  accounting 
required  for  the  continued  successful  operation  of  an  enterprise  after 
construction  is  finished. 

2  By  far  the  most  difficult  of  the  problems  presented  for  joint  solu- 
tion by  the  engineer  and  the  accountant  is  that  of  the  distribution 
of  factory  burden  on  correct  principles.  The  original  conception  of 
burden  treated  it  as  a  wholly  unfortunate,  objectionable  and  re- 
grettable outlay,  to  be  kept  as  small  as  possible,  and  subtracted  from 
the  gross  profit  of  the  factory  operation  ta  obtain  the  figures  of  net 
profit.  Every  possible  effort  was  made  to  charge  not  only  wages  and 
material,  but  also  repairs  and  supervision,  in  some  way  or  other  in- 
to the  particular  product  that  happened  to  be  under  construction. 
The  residue  of  expense  which  could  not  be  disposed  of  arbitrarily  by 
this  method  was  collected  into  a  single  expense  account  and  distribu- 
ted by  proportion  over  the  cost  of  the  products.  The  usual  method 
adopted  for  carrying  out  the  calculation  was  to  distribute  the  expense 
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either  as  a  percentage  to  cost  of  labor,  or  as  an  hourly  charge  to  be 
added  to  the  wages  cost,  of  every  hour's  labor  performed.  Where 
this  conception  and  practice  exists,  every  bill  that  happens  to  be  paid 
in  a  given  month,  or  at  the  best,  every  charge  incurred  during  that 
month,  is  regarded  as  expense  to  be  distributed  over  the  product 
of  that  month.  If  something  breaks  down  and  is  repaired  at  heavy 
expense,  the  goods  cost  more  that  month  because  of  making  the  re- 
pairs at  that  particular  time.  Accounting  of  this  character  has  made 
it  possible  to  operate  many  a  factory  at  a  huge  profit,  until  the  econom- 
ically worn-out  shell  could  be  unloaded  on  some  capitalist  innocent 
enough  to  dispense  with  engineering  advice,  and  purchase  on  the  book 
figures  of  past  operation. 

3  The  basis  of  this  scheme  of  distributing  burden  by  scattering  it  as 
evenly  as  possible  over  everything  in  sight,  is  the  wholly  erroneous  con- 
ception that  all  the  operating  expenses  of  the  factory  can  be  divided 
into  two  classes,  productive  and  non-productive,  the  first  including 
all  useful  work  on  the  manufactures  to  be  sold  later,  and  the  sec- 
ond all  waste,  a  dead  loss  to  the  organization.  The  logical  develop- 
ment of  the  theory  teaches  that  the  ratio  of  non-productive  to  pro- 
ductive expense  should  be  kept  as  low  as  possible;  the  best  manager 
is  he  whose  expense  ratio  is  the  lowest;  and  increase  of  exj^ense  ratio 
by  high-powered  machinery,  trained  helpers  to  save  the  time  of  skilled 
workers,  and  liberal  outlay  for  good  tools  and  their  upkeep,  causes 
loss.  The  absurdity  of  the  conclusion  and  therefore  of  the  premise, 
is  evident.  No  legitimate  expense  is  truly  non-productive  and  some 
other  definition  must  be  found  for  the  expense  burden  in  order  to 
indicate  its  true  significance. 

4  Every  task  performed  in  a  shop  under  good  management  is 
directed  toward  accomplishing  quickly  and  cheaply  some  definite 
ajid  useful  end.  The  purposes  served  by  the  various  details  of  the 
work  differ  widely.  Some  of  the  tasks  are  performed  directly  on 
particular  pieces  of  the  factory  product  and  are  properly  called 
direct.  Others,  no  less  productive  are  on  miscellaneous  lots  of  pieces, 
like  cleaning  castings  in  the  foundry;  or  on  several  dissimilar  pieces 
at  once,  as  in  operating  a  group  of  aatomatic  machines.  Others  have 
no  direct  contact  with  factory  product,  as  in  repairing  belts,  operat- 
ing cranes  and  sweeping  floors.  All  of  those  tasks  which  cannot  be 
conveniently  split  up,  measured  into  portions  and  charged  direct  to 
particular  pieces  of  factory  product  are  properly  described  as  indirect. 

5  The  ratio  of  indirect  to  direct  expense  is  no  indication  of  the 
efficiencj'  of  the  management,  except  as  between  two  precisely  sim- 
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ilar  operations.  In  fact,  a  high  ratio  of  direct  to  indirect  may  indi- 
cate extreme  inefficiency,  exactly  the  o])posite  of  the  accepted  belief, 
and  this  under  widely  differing  conditions;  for  instance,  with  a  badly 
managed  shop  where  every  man  charges  his  full  time  direct  to  a  pro- 
duct, antl  runs  his  own  errands  or  serves  as  his  neighbor's  helper  on 
occasion;  or,  on  the  other  hand,  with  a  factory  equipped  with  auto- 
matic machines  under  the  care  of  skilled  men  whose  time  is  charged 
direct  to  the  cost  of  product. 

6  Experience  gained  in  connection  with  the  cost  accounts  of  fac- 
tories and  shops  covering  a  wide  range  of  manufactures  shows  ratios 
of  indirect  to  direct  varying  from  20  to  150  per  cent;  and  even  higher 
percentages  would  not  necessarily  be  surprising  or  discreditable  to 
the  management.  The  introduction  of  scientific  management  always 
increases  the  ratio  of  indirect  to  direct  expense,  and  yet  de- 
creases gross  cost  as  well  as  prime  or  direct  cost.  In  fact,  as  be- 
tween a  shop  under  the  best  methods  of  twenty  years  ago  and  the 
best  modern  practice,  prime  costs  afford  no  possible  basis  of  useful 
comparison.  High  indirect  and  low  direct  costs  are  to  be  expected 
with  modern  equipment,  even  without  scientific  management. 
Heavy  cuts  by  a  powerful  machine  tool  in  charge  of  an  efficient  semi- 
skilled man  at  usual  day  wages  often  involve  an  operating  cost  of 
$1  per  hour  for  the  machine  (an  item  of  the  expense  account),  against 
a  direct  wages  cost  of  30  cents  for  the  man,  a  ratio  of  330  per  cent. 
Whenever,  as  in  this  case,  the  direct  cost  is  a  mere  fraction  of  the  ex- 
pense burden,  to  keep  accurate  costs  of  the  labor  and  material  items 
only  is  nothing  less  than  absurd. 

7  Scientific  management,  while  increasuig  the  ratio  of  indirect 
to  direct  expense,  decreases  direct  expense  in  greater  proportion.  The 
net  saving  cannot  therefore  be  ascertained  except  by  accurate  knowl- 
edge of  the  details  of  each  class  of  expense.  This  knowledge  must  be 
continuous,  always  at  hand  for  instant  use.  The  works  manager 
cannot  wait  twelve  months  for  an  annual  audit  to  show  whether  a 
new  planning  department  has  saved  its  cost,  or  increased  operating 
expense  has  been  followed  by  a  greater  increase  in  value  of  output. 
The  engineer  who  is  trying  to  persuade  a  superior  officer  in  the  finan- 
cial department  to  authorize  the  purchase  of  newer  equipment  or 
the  increase  of  the  supervisory  force  will  appreciate  the  advantages 
of  accounting  methods  by  which  the  exact  results  of  changes  in  ways 
of  doing  work  may  be  demonstrated  through  the  factory  accounts. 
In  every  factory,  the  exact  result  of  each  new  task-setting  operation, 
change  in  method,  and  improvement  in  equipment,  not  only  in  regard 
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to  the  wages  and  supplies  of  today,  but  also  with  respect  to  the  oper- 
ating expense  accounts  of  the  month  and  the  fixed  charges  of  the  year, 
should  be  known  in  detail  and  at  once.  These  requirements  can  be 
met  onl}^  by  a  clear  and  comprehensive  analysis  of  the  true  incidence 
of  the  fixed  charges,  and  of  the  indirect  details  of  operating  expense, 
followed  b}^  the  introduction  of  methods  by  which  each  item  of  fac- 
tory product  may  be  charged  with  that  proportion  of  the  indirect 
expense  which  corresponds  to  the  cost  of  maintaining  the  shop  facil- 
ities used  in  performing  the  manufacturing  operations  upon  that 
item.  The  same  degree  of  precision  obtained  in  charging  to  the  cost 
of  work  the  direct  expense  for  material  and  labor,  should  be  reached 
in  charging  the  large  and  important  indirect  expense. 

8  The  part  of  the  engineer  in  developing  the  scheme  of  correct 
distribution  of  burden  is  much  more  than  mere  scientific  interest  in 
the  work  of  some  outside  accountant. 

9  The  first  step  in  the  solution  of  the  problem  is  to  analyze  the 
data  and  conditions.  Of  the  items  which  go  to  make  up  indirect 
expense  or  factory  burden,  some  of  them  are  observed  to  have  a  very 
clear  incidence  upon  definite  points  within  the  factory.  Consider 
the  annual  interest  on  the  value  of  a  factory  building.  Surely  it  will 
not  rise  with  an  increase  in  wages  or  cost  of  material;  nor  with  an 
increase  in  output;  nor  does  it  concern  anything  which  takes  place  in 
Bome  other  building.  The  building  is  there  to  serve  a  useful  purpose; 
and  whatever  benefits  by  that  purpose  should  pay  its  share  toward 
the  interest  on  the  cost  of  the  building.  The  purpose  is  evidently 
the  housing  of  machines  and  their  operators,  each  of  which  machines 
forms  a  unit  in  the  productive  scheme  of  the  factory.  Let  the  build- 
ing be  divided  accordingly  (by  imaginary  lines)  into  productive  units, 
and  require  each  to  earn  the  interest  on  that  part  of  the  whole  build- 
ing which  is  occupied  by  the  equipment,  operator  and  work  in  pro- 
gress, of  the  unit. 

10  Once  attacked  from  this  point,  the  problem  of  a  correct  dis- 
tribution of  expense  burden  becomes  easy  of  solution.  The  first 
step  in  the  process  is  to  obtain  a  schedule  of  annual  fixed  and  operat- 
ing expense.  This  includes  the  reserves  for  interest  and  depreciation, 
taxes,  insurance  and  other  fixed  charges,  a  reasonable  allowance  for 
the  expected  average  repairs,  and  the  expense  for  supervision,  small 
tool  upkeep  and  power  cost.  Each  of  these  charges  is  to  be  split  up 
and  apportioned  among  the  particular  productive  units  to  which  it 
belongs,  the  total  to  be  carried  as  an  element  of  the  cost  of  that  part 
of  the  factory  product  which  passes  through  that  particular  produc- 
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tive  unit  during  the  year.  The  incidence  of  each  detail  of  the  burden 
being  clearly  on  the  productive  unit,,  which  comprises  equipment, 
accessories  and  a  portion  of  the  building  and  land,  the  whole  of  the 
annual  charge  has  as  direct  an  incidence  on  the  work  passing  through 
the  production  center  in  the  year  as  the  wages  of  the  operator  on  the 
equipment  of  the  center.  The  labor  cost  is  the  amount  paid  the 
operator,  on  day,  hour,  piece,  premium,  bonus  or  whatever  system 
is  used.  The  equipment  cost  is  a  suitable  fraction  of  the  annual 
burden.  As  most  of  the  burden  elements  (interest,  taxes,  etc.)  have 
a  time  factor,  it  is  convenient  to  reduce  the  annual  charge  to  an  hourly 
rate,  and  to  make  the  charges  to  cost  of  work  on  the  same  time  units 
that  are  provided  by  the  work  records  of  the  operatives. 

TABLE  1    SCHEDULE  OF  EXPENSE^ 

Interest  on  Land  and  Building.  .$50.00  Interest  on  Equipment  5 

Depreciation    2|    %    on    $1000  per   cent    on   half 

Valuation 25.00  new  value $168.25 

Taxes  1%  on $1000 10.00  Depreciation     per 

Insurance,  per  year 5.00  schedule 407.00 

Heat  and  Light.   Share  of   this  Taxes  1%  on  assess- 

Building 50.00  ment 39.00 

Building  repairs  estimated  at.. .  .25.00  Insurance 35.00 


Total  Building  Charge.$165. 00  Total  to  Distribute 

to  Equipment.  $649.25 

11  In  the  practical  application  of  this  fundamentally  correct 
system  of  apportioning  expense  burden,  several  interesting  and  illum- 
inating conceptions  have  been  brought  out.  The  labor  of  calcula- 
tion is  reduced  by  following  a  standard  procedure,  commencing 
with  the  schedule  of  expense,  Table  1.  The  items  belonging  to  the 
land  are  first  grouped,  and  divided  by  the  square  feet  of  occupied 
land  to  obtain  a  land  factor  in  dollars  per  year  per  square  foot  of 
land.  Next,  the  portion  of  land  belonging  to  each  building  is  tabu- 
lated, and  the  area  of  each  portion  in  square  feet  is  multiplied  by  the 
land  factor  to  give  the  total  land  charge  for  each  building.  This 
forms  the  first  element  of  burden  for  the  building.  The  interest, 
taxes  and  insurance  are  calculated  on  the  book  value  of  the  building; 
the  annual  cost  of  heat  and  light  are  computed  and  the  items  totaled 
to  obtain  the  annual  building  factor,  and  divided  by  the  floor  area 

1  A  unit  value  of  -SIOOO  for  laad  aud  building  and  a  new  co.st  of  S6620  for  equipment  are  taken 
as  a  basia  for  these  estimates. 
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of  the  building  to  give  the  square  foot  factor.  The  next  step  is  a 
map  or  diagram  showing  each  production  center  with  its  working 
floor  space,  including  in  the  list  of  centers  erecting  floor  spaces, 
benches,  and  all  equipment  on  which  men  are  employed  or  operations 
performed  on  factory  product.  The  centers  are  then  to  be  tabulated 
in  order  by  departments  as  in  Table  2,  with  the  appraised  value  and 
square  feet  of  floor  space  occupied  by  each.  Multiplying  the  latter 
by  the  square  foot  factor,  the  total  building  factor  of  each  productive 
unit  is  obtained. 

12  Accessory  equipment  goes  with  the  producing  machine  of  each 
production  center,  that  is,  shafting,  belts,  all  or  a  share  of  a  motor, 
small  tool  equipment,  and  the  like.  The  value  of  such  equipment  is 
generally  much  less  than  the  value  of  the  principal  machine,  so  that 
absolute  accuracy  in  apportioning  accessories  is  not  essential.  If  the 
value  is  very  small,  it  may  be  divided  among  the  units  in  proportion 
to  the  value  of  their  producing  machines ;  if  large,  shafting  and  belts 
may  be  apportioned  to  the  units  on  the  basis  of  the  floor  space  occu- 
pied by  each,  motors  driving  groups  on  the  basis  of  the  working 
horsepower-hours  of  each  productive  unit,  and  small  tools  by  judg- 
ment. If  the  greatest  accuracy  is  desired,  the  accessories  may  be 
treated  separately  and  each  one  measured,  appraised  and  assigned 
to  the  productive  units  accordingly. 

13  The  remaining  calculations  are  carried  out  for  each  unit  inde- 
pendently, including  the  value  of  the  accessories  with  that  of  the 
main  machine.  A  depreciation  rate  is  set  for  each  unit,  or  class  of 
machines,  and  the  corresponding  annual  charge  is  computed.  Inter- 
est on  the  value  of  the  machine,  taxes  and  insurance  are  also  provided 
for.  All  these  are  definite  quantities,  not  open  to  argument.  There 
remain  certain  items  not  as  definite :  power  cost,  repairs,  general  labor, 
factory  supplies  and  (in  a  machine  shop)  cost  of  tools,  each  of  which 
requires  special  treatment.  Power,  if  it  could  be  metered  separately 
to  each  productive  unit,  would  become  a  direct  charge;  but  as  this 
is  impracticable,  and  the  power  cost  is  not  of  the  greatest  magnitude, 
a  reasonable  approximation  can  be  made  by  estimating  the  average 
power  consumption,  the  average  running  time,  and  so  the  average 
annual  horsepower-hours  of  each  unit,  and  multiplying  by  the  cost  of 
a  horsepower-hour  to  obtain  the  power  factor  of  the  burden  charge. 
Supplies  and  general  labor  are  best  divided  by  estimate  and  judgment. 
Repairs  to  the  individual  units  cannot  possibly  be  foretold;  but  the 
average  total  repair  cost  of  the  plant,  or  even  of  the  several  depart- 
ments of  the  plant,  can  be  estimated  with  some  degree  of  precision, 
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and  distributed  to  the  productive  units  in  any  of  several  ways.  Per- 
haps the  most  practicable  is  to  set  by  estimate  figures  representing 
the  probable  proportion  of  repairs  likely  to  be  required  by  each  kind 
of  machines,  placing  1  opposite  the  machine  likely  to  require  the 
least  expense  for  upkeep,  2  for  those  machines  likely  to  require 
twice  as  much  expense,  and  so  on.  By  adding  these  figures  for  a  de- 
nominator and  using  each  figure  separately  for  a  numerator,  the  total 
estimate  for  repairs  can  be  divided  up  among  the  several  units.  There 
is  no  advantage  for  cost-keeping  purposes  in  attempting  to  charge  the 
actual  cost  of  repairs  into  the  operating  expense  of  each  unit.  In 
repairs  for  lightning  and  the  like,  which  generally  strikes  without 
warning,  there  is  no  reason  why  the  expense  burden  and  therefore 
the  cost  of  work  done  by  one  of  several  similar  machines  should  be 
temporarily  increased  merely  because  that  machine  suffered  breakage 
and  was  repaired  at  this  particular  time.  Standard  power  and  repair 
costs  are  a  great  help  in  rational  cost-keeping,  since  they  minimize 
fluctuations  in  cost  not  due  to  difference  in  management.  By  opening 
separate  repair  accounts,  charging  these  accounts  with  actual  cost, 
with  all  its  momentary  variations,  and  crediting  the  standard  esti- 
mates, the  varying  balances  tell  an  interesting  story  of  the  work  of 
the  repair  gang,  and  keep  the  fluctuating  costs  of  repairs  from  exerting 
a  disturbing  influence  on  the  cost  of  product.  A  power-plant  account 
similarly  operated  is  also  very  useful. 

14  The  tabulation  now  includes  subdivisions  of  all  the  expenses 
which  go  to  make  up  the  factory  burden,  up  to  the  point  at  which  the 
completed  goods  leave  the  factory,  but  exclusive  of  the  administra- 
tive expense.  If  the  total  burden  chargeable  to  each  unit  is  divided 
by  the  respective  annual  working  hours  of  the  units  running  full  time, 
an  hourly  rate  for  each  productive  unit  will  be  obtained,  which  if 
applied  to  the  cost  of  the  work  done  by  each  unit,  will  in  a  normal 
year  of  full  working  time  accumulate  a  credit  which  will  balance  the 
shop  expense  burden.  There  are,  however,  many  lost  hours  in  the 
course  of  the  working  year  and  such  losses  reduce  the  credit  which 
is  to  stand  against  the  annual  shop  burden,  and  tend  to  produce  a 
deficit.  Short  time  may  be  due  to  any  of  three  causes,  each  of  which 
gives  to  the  resulting  deficit  a  different  significance.  In  the  ordinary 
operation  of  a  factory,  time  is  lost  by  the  productive  units  through 
illness  of  operatives,  changes  in  the  force,  breakages  and  repairs,  and 
lack  of  capacity  in  other  units.  Obviously,  a  deficit  in  the  credit 
against  burden  due  to  losses  of  this  character  is  a  manufacturing  ex- 
pense, and  should  be  distributed  to  the  cost  of  work. 
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15  Lost  working  time,  however,  may  be  due  to  sales  department 
conditions,  as  when  machinery  is  installed  for  the  manufacture  of 
goods  which  have  a  seasonable  demand,  so  that  they  can  be  sold  dur- 
ing only  part  of  the  calendar  year.  A  deficit  due  to  lost  time  of  this 
character  is  selling  expense,  and  not  part  of  manufacturing  cost. 
In  such  a  case,  the  sales  department  undertakes  to  earn  through 
profit  on  the  sales,  the  necessary  amount  to  pay  for  the  use  of  the 
capital  invested  in  the  equipment  over  the  period  of  idleness.  The 
manufacturing  cost  cannot  be  increased  merely  because  consumption 
ceases  after  a  time,  so  that  the  machines  have  to  be  stopped.  If 
it  costs  $1000  to  operate  equipment  for  three  months,  and  another 
$1000  for  the  following  three  months,  it  is  not  to  be  supposed  that  it 
costs  $2000  to  operate  for  the  first  three  months  only.  Factory 
product  can  be  made  continuously,. stocked  up  during  an  idle  period, 
and  sold  at  the  proper  time;  if  such  a  course  is  inadvisal^le,  by  reason 
of  tying  up  capital,  or  loss  of  interest  on  the  money  represented  by 
stored  goods,  or  risks  taken,  the  expense  of  intermittent  operation 
falls  outside  of  the  manufacturing  account.  Admittedly,  someone 
must  pay  the  fixed  charges  for  each  period  of  idleness;  but  the  party 
liable  in  cases  of  the  kind  supposed,  is  not  the  works  manager,  who 
would  be  glad  to  operate  continuously,  but  the  selling  division  of  the 
organization,  which  must  take  the  consequences  of  sales  conditions. 
Correct  accounting  practice  will  not  justify  the  distribution  of  selling 
expense  to  goods  before  they  are  sold;  wherefore,  manufactured  goods 
should  not  be  placed  in  stock  with  a  burden  allowance  which  includes 
selling  expense,  though  it  is  quite  proper  to  include  all  other  items  of 
burden. 

16  The  third  possibility  of  the  deficit  due  to  lost  time  is  that  it  is 
a  consequence  of  bad  trade  conditions.  Lost  time  of  this  character 
is  neither  manufacturing  nor  selling  expense,  but  a  business  loss  which 
should  be  made  up  out  of  the  profits  of  good  years.  Conservative 
management  accumulates  a  surplus  to  give  stability  to  the  rate  of 
distribution  to  the  stockholders,  by  reserving  a  portion  of  the  earnings 
of  good  years  to  be  used  in  maintaining  dividends  in  times  of  depres- 
sion. With  correct  methods  in  distributing  factory  burden,  the  loss 
due  to  short  time  operation,  usually  buried  out  of  sight  among  other 
expenses  which  have  no  relation  to  running  time,  is  clearly  shown, 
so  that  an  appropriation  may  be  made  from  the  surplus  account  to 
carry  the  deficit  of  poor  years  by  the  extra  earnings  of  good  years. 

17  The  divisor  used  on  the  annual  burden  of  each  unit  should 
therefore  be  less  than  the  full  annual  shop  hours,  at  least  by  a  suit- 
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able  allowance  for  holidays  and  other  lost  time.  In  the  case  of  a 
large  special  machine  for  which  there  is  work  only  part  of  the  time, 
the  expected  working  hours  only  should  be  used  as  a  divisor,  for  such 
a  unit,  to  be  profitable,  must  earn  its  annual  charges  in  the  running 
time  which  can  be  given  it.  Whenever  conditions  change  so  that 
such  a  unit  can  be  operated  a  larger  proportion  of  the  time,  the  hourly 
charge   should    be    correspondingly    reduced. 

18  There  remain  some  items  like  salaries  and  office  expense,  the 
incidence  of  which  cannot  be  traced  to  definite  productive  units. 
This  class  of  expenses,  however,  is  incident  to  the  operation  of  the 
factory  as  a  whole.  The  larger  productive  units,  with  their  greater 
capital  value  and  heavier  operating  expense,  involve  a  greater  tax 
on  the  management  and  administration  than  the  smaller  units.  The 
burden  charges  belonging  to  the  units  provide  a  very  fair  measure 
of  the  responsibility  of  the  management  in  connection  with  each,  and 
serve  well  as  a  basis  of  distribution  of  the  overhead  charges.  It  is 
proper,  therefore,  to  express  the  overhead  expense  total  as  a  per- 
centage of  the  total  burden  distributed  to  all  the  productive  centers 
together,  and  to  raise  the  hourly  rate  of  each  unit  by  the  same  per- 
centage. Thus,  if  $100,000  is  distributed  to  centers,  and  there  is  an 
undistributed  overhead  of  $10,000,  the  rates  can  be  raised  10  per  cent, 
which  will  provide  for  carrying  the  whole  $110,000. 

19  Each  productive  unit  of  the  factory  is  thus  valued  at  an  hourly 
rate  which  is  to  be  charged  in  the  cost  of  each  operation  performed  by 
the  unit.  The  total  cost  of  an  operation  accordingly  consists  of  a 
labor  charge  and  an  equipment  charge.  The  basis  of  each  machine 
rate  is  a  careful  investigation  of  the  operating  costs  of  the  particular 
machine,  so  that  the  rates  set  are  in  accordance  with  the  facts  in  each 
case.  Whatever  fluctuations  there  may  be  in  operating  expense  are 
likely  to  balance  each  other  above  and  below  the  calculated  charges. 
But  as  there  will  be  some  variation  in  any  event,  it  is  permissible  to 
obtain  the  advantage  of  easy  calculation  by  equalizing  the  machine 
rates  into  two,  three  or  more  round  figures,  each  covering  productive 
units  whose  exact  rates  fall  near  together.  On  the  job-tickets  by 
which  the  time  or  piece  price  of  the  labor  is  computed,  a  space  should 
be  provided  for  the  burden  figure,  so  that  the  completed  job-tickets 
will  give  both  elements  of  the  cost.  Any  change  in  methods  or  men 
will  now  indicate  its  complete  result  by  a  comparison  of  the  job- 
tickets  for  the  same  work  done  under  former  and  present  conditions. 

20  The  accounting  detail  of  the  expense  burden  distribution  is 
simple  and  effective.     A  burden  distribution  account  is  opened,  to 
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which  is  charged  the  calculated  amounts  of  Table  1.  The  account 
is  credited  with  the  total  of  burden  charges  to  cost  of  work,  by 
weekly  or  monthly  periods.  The  balance  indicates  the  loss  by 
failure  to  utilize  the  full  capacitj^  of  the  factory;  while  a  credit  bal- 
ance, if  one  should  occur,  indicates  a  condition  of  unexpectedly  good 
management,  or  good  luck,  by  which  the  factory  has  worked  to  better 
advantage  than  was  believed  probable.  A  standardizing  account  of 
this  kind  is  very  useful  to  the  management.  All  the  variable  expense 
accounts  can,  if  desired,  be  handled  as  suggested  for  power  and  re- 
pairs, so  that  uniform  credits  offset  the  varying  debits,  and  the  bal- 
ances afford  gages  for  the  efficiency  of  the  control  of  the  departments 
originating  the  accounts. 

21  A  constantly  increasing  balance  in  one  of  the  expense  accounts 
will  occur  if  there  has  been  a  permanent  change  in  policy  with  respect 
to  this  item.  In  such  a  case,  it  will  be  necessary  to  change  the  equip- 
ment rates  affected  by  this  change.  While  it  is  not  at  all  difficult 
to  go  over  a  column  of  the  tabulation  and  revise  the  figures,  it  will 
generally  be  sufficient  to  change  the  rates  by  proportion,  enough  to 
absorb  the  difference.  But  it  is  not  necessary  to  distribute  all  the 
burden  by  machine  rates.  The  overhead  of  salaries  and  office  ex- 
pense, the  cost  of  storage  and  handling,  and,  if  desired,  any  small  dif- 
ference in  burden  actual  and  distributed,  may  be  distributed  as  a  rate 
per  pound  on  a  homogeneous  product,  or  as  a  rate  per  order  if  orders 
are  all  of  the  same  size,  or  as  a  percentage  of  gross  cost,  if  that  seems 
the  most  reasonable  method.  In  every  factory,  careful  analysis  of 
the  facts  will  pomt  out  the  true  incidence  of  expense  due  to  factory 
operation,  or  factory  product  as  a  whole,  rather  than  individual  pro- 
duction centers. 

22  A  valuable  result  of  localizing  variations  in  expense  burden 
is  stability  in  the  cost  of  the  manufactured  product.  Because  a  re- 
pair force  is  discharged  to  save  expense,  and  everything  is  allowed  to 
fall  into  bad  order,  is  no  reason  why  the  cost  of  goods  made  during 
the  period  should  appear  to  decrease.  The  management  is  in  effect 
borrowing  part  of  the  cost  from  the  stored  energy  of  the  organization, 
or  discounting  the  future.  All  fluctuations  not  directly  due  to  a 
change  in  manufacturing  methods  are  objectionable  if  carried  into 
cost  of  product.  Where  the  cost  of  similar  articles  varies  uncertainly 
from  day  to  day,  each  fluctuation  is  likely  to  have  a  different  cause, 
much  time  is  taken  in  searching  for  the  causes,  and  incorrect  conclu- 
sions are  often  drawn,  or  it  is  assumed  that  some  unknown  and  unusual 
condition  is  responsible,  and  the  attempt  to  trace  the  cause  is  given 
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up.  Increased  labor  cost  is  easily  discernible  and  can  be  traced  di- 
rectly to  its  origin.  Variations  of  material  cost  are  quite  as  easy  to 
explain ;  but  where  burden  charges  vary  with  labor  charges,  under  the 
old  percentage  or  hourly  rate  methods,  a  change  in  cost  of  labor  in- 
volves a  totally  unrelated  change  in  the  burden  charge,  and  no  clear 
conclusion  can  be  drawn. 

23  Exact  calculations  are  at  the  base  of  all  well-planned  engineer- 
ing work.  Exact  uniform  methods  of  cost  calculation  should  be  at 
the  base  of  all  factory  accounting  systems.  Wherever  associations 
of  manufacturers  operating  on  similar  work  have  investigated  the 
cost-keeping  methods  of  the  various  factories,  the  investigators  have 
been  surprised  to  note  the  wide  variation  between  the  apparent  or 
book  cost  of  the  same  products,  made  under  the  same  conditions, 
but  figured  in  different  ways.  The  inevitable  result  is  that  some  fac- 
tories bid  for  work  below  cost,  and  thereby  injure  the  business  chances 
of  all.  The  remedy  is  not  the  maintenance  of  unduly  high  prices  by 
agreement,  thereby  inviting  competition  from  every  outside  shop; 
but  an  exact  analysis  and  apportionment  of  the  expense  burden  in 
such  a  way  that  each  item  of  factory  work  will  be  properly  charged 
for  the  use  of  that  portion  of  the  shop  equipment  and  facilities  which 
is  devoted  to  it,  and  the  true  margin  of  profit  between  cost  and  selling 
price  will  be  clearly  apparent. 
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A  GENERAL  STATEMENT  OF  PRESENT  CONDITIONS 
By  Frank  W.  Reynolds 

ABSTRACT  OF  PAPER 

The  great  development  of  the  textile  industries  has  led  to  a  great  concentra- 
tion of  engineering  skill  upon  construction,  power,  machinery,  and  general 
plant  arrangement,  and  the  general  efficiency  of  modern  mills  is  high.  There 
are,  however,  many  unsolved  problems  and  many  difficulties  the  solution  of 
which  seems  to  depend  largely  upon  the  mechanical  engineer.  Automatic 
machinery  has  been  developed  largely  in  order  to  cut  down  labor  cost,  but  in 
spite  of  these  changes  in  machinery  the  producing  capacity  of  100,000  sq.  ft. 
of  mill  surface  has  not  appreciably  increased  within  the  past  40  years.  Many 
machines  and  many  processes  cry  out  for  improvements  which  have  not  yet 
substantially  advanced  in  spite  of  many  years  of  experimenting.  Maximum 
possible  speed  of  operation  seems  to  have  been  reached  in  most  machines,  with 
the  exception  of  the  spinning  machine.  The  situation  suggests  that  large 
increase  in  producing  capacity  may  have  to  be  sought  in  the  more  or  less  com- 
plete abandonment  of  the  traditional  methods  of  manipulating  textile  fibers. 
The  labor  problem  is  in  many  cases  serious,  owing  to  the  poor  quality  of  opei'a- 
tives.     Measures  are  suggested  to  meet  this  situation. 
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By  Frank  W.  Reynolds/  Boston,  Mass. 

Non-Member 

The  importance  of  the  textile  industry  in  a  country  which,  Hke 
the  United  States,  now  manufactures  all  the  woven  fabrics  really 
necessary  for  the  clothing  of  all  its  people,  hardly  needs  to  be  argued. 
Yet  in  the  case  of  our  own  country  progress  in  the  textile  industry 
has  been  so  rapid,  and  its  development  has  had  such  a  vital  relation 
to  other  industries,  that  some  statistical  evidence  of  its  great  place 
may  serve  as  an  inspiration  to  the  men,  mainly  the  mechanical  engi- 
neers, who  are  responsible  for  its  continued  progress  and  increasing 
efficiency'.  Owing  to  the  fact  that  the  figures  from  the  census  of 
1910  are  not  yet  available  as  a  complete  survey  of  the  textile  indus- 
tries, it  is  necessary  to  cite  here  the  figures  of  the  census  of  1900; 
but  it  should  be  noted  that  these  figures  do  not  adequately  suggest 
the  great  expansion  in  the  textile  industries  that  has  taken  place 
since  the  enactment  of  the  tariff  law  of  1897.  Some  later  figures 
are  indeed  available,  but  even  with  the  old  figures  it  is  possible  to 
gage  quite  accurately  the  present  position  of  textile  manufacturers. 
The  statistics  which  follow  cover  only  the  cotton,  the  woolen,  and 
the  silk  industries,  in  what  the  census  reports  term  the  ''proper" 
sense  of  those  words,  namely,  the  production  of  fabrics  either  ready 
to  wear,  or  ready  for  the  dyeing  and  finishing  processes  which  pre- 
cede the  conversion  of  certain  cloths  into  made-up  clothing. 


The  American  Society  of  Mec.ianical  Engineers,  29  West  39th  Street, 
New  York.     AH  pai)crs  are  subject  to  revision. 

'  Member  of  firm,  Lockwood,  Greene  &  Co. 
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TABLE  1  VALUE  OF  DOMESTIC  PRODUCTS,  EXPORTS,  IMPORTS  FOR  CONSUMP- 
TION, AND  TOTAL  CONSUMPTION  OF  TEXTILES,  WITH  PER  CENT  OF 
IMPORTS  TO  TOTAL  CONSUMPTION,  FOR  THE  UNITED  STATES,  1900 


1 

,T  ,         r  •,^                                                   Domestic 
Value  of  Domestic              -r.         ^            /~. 

„     ,                              Exports          Consump- 

Prorlucts 

tion 

Imports  for      rr.  .  ,  /-. 
^                       Total  Con- 
Consump- 

sumption 
tion 

Per  Cent  of 
Imports    to 
Total    Con- 
sumption 

Total $743,447,0621      $25,556,057      $717,89L005 

$82,214,010 

$800,105,015 

10.3 

Cotton      manu- 
factures   339,200,320  ,       24,003,087 

Wool     manufac- 
tures  290,990,484            1,300,362 

Silk       manufac- 
tures    107.256,258              252,608 

315,197,233 
295,690,122 
107,003,650 

39,789,989    '      354,987,222 
15,620,487     •      311,310,609 
26,803,534        133,807,184 

11.2 
5.0 
20.0 

TABLE  2    COTTON   SPINDLES  IN  THE  WORLD  IN  THOUSANDS,   1£00 

Great  Britain 46,000 

Continent  of  Europe 33,000 

United  States 19,008 

India 4,400 

Japan 1,500 

China 600 

Canada 640 

Mexico. 460 


TABLE  3    VALUE  OF  SILK  PRODUCTS  OF  EUROPE  AND  THE 
UNITED  STATES,  1900 

Value  of  Per  Cent  ot 

Countries                                                                                                          Products  Products 

Total $395,000,000  100.0 

France 122,000,000  30.9 

United  States 92,000,000  23.3 

Germany 73,000,000  18.5 

Switzerland 38,000,000  9.6 

Russia  (in  Europe) 21,000,000  5.3 

Austria 17,000,000  4.3 

Great  Britain 15,000,000  3.8 

Italy 13,000,000  3.3 

Spain  and  Portugal 4,000,000  1.0 
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TABLE  4    COMPARATIVE  SUMMARY,  BY  INDUSTRIES  FOR  THE  UNITED  STATES 


Combined  Textiles 


Cotton  manufacture 

Cotton  goods 

Cotton  small  wares 

Wool  manufacture 

Silk  manufacture 

Hosiery  and  knit 

goods 

Flax,  hemp  and  jute. 
Dyeing  and  finishing 

textiles 

Combined  textiles 


1900 
1900 
1900 
1900 

1900 
1900 

1900 
1890 


973 

82 

1414 

483 

921 
141 

298 
4276 


460,842,772  297,929 

6,397,385  |   4,932 

310,179,749  159,108 

81,082,201   65,416 


81,860.604 
41,991,762 

60,643,104 
767,705,310 


83.387 
20.903 


29,776  I 
517,237  : 


85,120,310 

1,563,442 

57,933,817 

20,982.194 

24.358,627 
6.331,741 

12.726.316 

168.488,982 


173,441,390 

3,110,137 

181,159,127 

62.406,665 

51.071.859 
32.197,885 

17.958,137 
$447,546,540 


332,806,156 

6,394,164 

296,990,484 

107,256,258 

95,482.568 
47,601,607 

44,963,331 
759,262,283 


TABLE  5    COMPARATIVE  SUMMARY,  NOT  INCLUDING  FLAX,  HEMP  AND  JUTE, 
WITH  PER  CENT  OF  INCREASE  FOR  THE  UNITED  STATES,  1900 


Number  of  establishments 4,171 

Capital $1,001,005,815 

Wage  earners,  average  number 640,548 

Total  wages 202,690,706 

Cost  of  materials  used 489,147,315 

Value  of  products 883,892,959 


Per  Cent  of 
Increase 

1.4 
35.3 
27.7 
23.9 
16.1 
22.4 


2  Even  the  statistics  of  a  decade  ago  are  impressive  evidence  of 
the  enormous  strides  made  by  the  textile  industries  in  this  country 
during  the  last  century.  At  the  begimiing  of  the  nineteenth  century 
the  textile  industries  were  represented  by  spinning  mills  for  cotton 
yarn,  by  wool-carding  factories,  and  fulling  mills,  in  which  cloth 
woven  on  hand  looms  in  the  households  of  the  country  was  dressed 
and  prepared  for  sale.  It  was  not  until  1814,  less  than  a  hundred 
years  ago,  that  the  first  broad  power  loom  for  cotton  goods  was  worked 
out  by  Francis  C.  Lowell,  of  Boston,  and  put  in  operation  at  the  new 
plant  at  Waltham.  From  that  time,  progress  was  rapid,  and  in  the 
cotton  industry  particularly  almost  nmnberless  improvements  in 
machinery  were  made  during  the  next  decade.  The  actual  complete 
establishment  of  the  cotton  industry  m  this  country  as  a  factory 
industry  depending  wholly  upon  power-driven  machinery  dates 
from  the  establishment  of  the  Middlesex  Mills  at  Lowell  in  1823. 
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It  was  a  yoar  or  two  after  this  that  the  first  l)road  power  looms  were 
iutrochiced  into  wool  manufacture.  The  history  of  our  textile  devel- 
opment since  that  time  is  too  intricate  to  be  summarized  in  this 
paper.  It  must  be  sufficient  to  note  that  now  the  United  States  is 
the  second  greatest  producer  in  the  world,  not  only  of  cotton  and 
woolen  cloths  but  of  silk;  while  the  use  of  linen  for  carpet  yarns  and 
thread,  and  for  towels  and  towelling  has  reached  large  proportions. 
Besitles  the  textile  industries  "proper,"  there  are  also  a  great  multi- 
tude of  small  factories  engaged  in  th(^  production  of  textile  special- 
ties. 

PRESENT    CONDITIONS    AND    PROBLEMS 

3  The  textile  manufacture,  probably  to  a  greater  extent  than 
any  other  industry  in  the  country,  has  tended  to  a  complexity,  both 
mechanical  and  operating,  that  is  rather  exceptional.  This  has  been 
the  result  of  two  main  factors :  the  first  being  the  peculiar  conditions 
imposed  by  the  character  of  our  most  used  natural  fiber,  cotton; 
and  further  by  the  constant  necessity  for  a  progressive  decrease  in 
the  labor  expense  of  cotton  manufacture.  The  cotton  industry  has 
been  shaped,  as  no  other  industiy  has,  by  the  peculiar  limitations 
found  in  the  raw  material  itself.  The  necessity  for  a  humid  air  in 
cotton  factories,  both  to  affect  the  physical  condition  of  the  fiber, 
and  to  prevent  the  mischief  caused  by  electricity  in  the  fibers 
during  manufacture,  is  a  requirement  of  great  importance,  and  one 
that  has  not  even  yet  been  satisfactorily  met.  The  character  of  the 
cotton  fiber  also,  whether  well  or  ill  moistened,  imposes  certain  limi- 
tations upon  the  speed  of  the  machinery  handling  it.  On  this  side, 
the  speed  at  which  roving  is  now  handled  seems  to  have  reached  the 
practicable  maximum,  and  the  same  thing  is  true  of  looms.  In 
the  spinning  frame,  however,  it  has  been  shown  that  the  cotton  fiber 
will  stand  a  more  rapid  handling  than  it  now  receives. 

4  Added  to  these  influences  from  the  phyiscal  limitations  of 
the  cotton  fiber  itself,  the  cotton  industry  has  had  to  face  another 
rather  peculiar  series  of  problems  in  the  cost  of  labor.  The  auto- 
matic machinery  of  today  represents  the  constant  effort  to  cut  down 
tlie  labor  cost  of  production,  this  labor  cost  bearing  a  rather  higher 
proportion  to  the  total  production  cost  in  the  cotton  industry  than 
in  most  others.  Another  labor  problem  has  arisen  through  the 
changes  that  have  taken  place  in  the  available  labor  supply.  The 
disappearance  of  the  native  American  labor  of  the  middle  of  the  last 
century  has  been  followed  by  a  greatly  varied  succession  of  labor 
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elements,  until  the  industry  in  many  places  depends  upon  a  class  of 
alien  operatives  whose  habits  and  standards  are  not  by  any  means 
perfectly  adapted  to  the  most  profitable  manufacture.  These  latter 
problems,  of  course,  emphasize  the  desirability  of  more  completely 
automatic  machinery,  while  they  also  impose  new  requirements  in 
factory  organization  and  administration. 

5  The  textile  establishments  of  today,  owing  to  the  intricacy 
and  importance  of  conditions,  some  of  which  have  just  been  noted, 
are  making  full  use  of  the  best  engineering  skill  in  the  design,  con- 
struction, arrangement  and  equipment  of  plants.  Many  well  informed 
and  practical  men  whose  work  has  been  wholly  devoted  to  the  tex- 
tile manufacture,  have  studied  with  great  care  the  problems  involved, 
and  have  made  the  solving  of  them  their  whole  aim.  The  result  is 
a  highly  specialized  work,  whose  principles  have  become  well  under- 
stood and  applied  in  all  of  the  structural  and  mechanical  features  of 
the  later  new  plants,  and  in  the  reconstruction  of  the  older  plants. 
Advantage  has  been  taken  of  all  new  forms  of  construction  wherever 
practicable,  improved  machinery  for  manufacturing  and  for  power 
purposes  has  been  installed  to  the  fullest  extent,  and  in  many  instances 
the  initial  trials  of  new  forms  of  mechanical  and  electrical  improve- 
ments have  been  made  in  textile  mills.  We  find  in  these  modern 
plants,  buildings  of  either  slow-burning  construction  or  of  reinforced 
concrete,  equipped  with  the  most  modern  sj^stems  of  power  trans- 
mission, of  fire  protection,  electric  lighting,  humidifying  apparatus, 
and  the  latest  type  of  manufacturing  machinery  of  both  domestic 
and  foreign  design. 

6  In  spite  of  the  great  accomplishment  already  achieved,  how- 
ever, there  still  remain  unsolved  problems,  and  other  problems  of 
many  kinds  hi  which  the  cotton  industry  has  so  far  only  approxi- 
mately reached  a  satisfactory  position.  These  problems  are  in  the 
main  such  as  it  is  the  proper  function  of  the  mechanical  engineer  to 
solve,  and  therefore  today,  as  in  the  early  period  of  the  cotton  indus- 
trj^  the  mill  calls  upon  the  machine  designer  and  the  machine  shop 
for  better  tools  and  better  methods. 

7  It  is  to  be  borne  in  mind  that  textile  mills  in  common  with 
other  industrial  plants  are  built  for  a  specific  purpose,  which  is  to 
produce  an  income  for  the  owners.  All  engineering  problems  in 
connection  with  them  must  be  subject  to  this  condition.  It  would 
seem  very  impractical,  to  say  the  least,  to  erect  a  building  or  to  pur- 
chase machinery  for  that  buildmg  which  would  be  so  expensive  that 
the  profit  Avould  be  diminished  because  of  the  mterest  on  unneces- 
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sary  expenditure.  The  managers  and  designers  of  textile  plants  of 
all  kinds  must  bear  in  mind  that  the  productive  power  of  machinery 
equipment,  whether  for  the  manufacturing  process,  for  power,  light, 
heat  or  other  departments  must  not  be  so  great  that  a  proper  return 
upon  the  investment  is  not  possible. 

8  It  will  be  found  upon  investigation  that  the  power  plants  of 
textile  mills  are  as  a  rule  especially  economical  and  that  advantage 
has  been  taken  of  nearly  every  labor-saving  device  and  of  the  most 
approved  machinery  which  can  be  obtained.  At  the  same  time 
managers  of  these  plants  have  endeavored  not  to  spend  money 
which  will  not  show  a  reasonable  return,  and  it  should  be  the  aim  of 
all  engineers  who  approach  the  problems  to  be  solved  in  connection 
with  this  industry,  that  while  the  most  efficient  machines  and  pro- 
cesses are  desired,  the  cost  of  the  installations  of  machinery  neces- 
sary to  produce  such  results  must  be  kept  at  a  figure  which  is  not 
prohibitive. 

9  The  arrangement  of  the  buildings  of  the  plant  is  one  of  the 
most  important  features  to  be  considered.  Much  unnecessary  labor 
is  often  expended  because  of  the  poor  arrangement  of  buildings  form- 
ing different  parts  of  a  group,  and  the  equally  poor  arrangement  of 
the  machinery  within  the  buildings.  It  must  be  borne  in  mind  that 
the  least  number  of  motions  and  the  shortest  distances  to  be  traveled 
play  some  of  the  most  important  parts  in  economy  of  production. 
Whether  buildings  should  be  one  or  more  stories  high  or  of  a  greater 
or  less  width  will  be  determined  by  a  consideration  of  these  points. 
A  brief  survey  of  present  conditions  and  needs  may  be  helpful. 

CONSTRUCTION 

10  Nearly  every  engineer  is  familiar  with  what  is  known  as  the 
slow-burning  type  of  mill  construction.  It  was  first  brought  out  by 
some  of  the  early  designers  of  cotton  mills,  and  has  since  been  used  in 
some  form  or  other  in  nearly  every  other  type  of  industrial  plant. 
For  many  years  this  form  of  construction,  with  slight  variations,  has 
been  successfully  used  and  has  been  regarded  as  sufficient  for  the 
needs  of  the  industry.  It  has  developed  however,  that  a  better  form 
of  construction  is  available  and  to  this  form  of  construction  atten- 
tion is  called  in  this  paper. 

11  Rigid,  non- vibrating  mill  buildings  are  one  of  the  immediately 
desirable  things.  The  slow-burning  mill  construction  has  great 
virtues,  but  rigidity  is  not  one  of  its  possessions.     Rigidity  has  been 
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found  to  produce  marked  economies  in  the  maintenance  of  textile 
machiner}',  as  well  as  machinery  of  many  other  types,  and  for  this 
reason  alone  the  modern  type  of  reinforced  concrete  construction 
has  proved  itself  highly  desirable.  The  friction  between  concrete 
floors  and  machine  bases  is  so  great  that  with  much  fewer  bolts  than 
are  required  on  a  wooden  floor,  machinery  can  be  so  securely  anchored 
that  it  will  not  walk  out  of  its  proper  position.  In  consequence, 
shafting  and  machines  keep  m  better  alignment,  there  is  less  wear 
and  tear  on  the  machines  themselves,  and  the  cost  and  bother  of 
repair  are  greatly  diminished.  Simple  and  effective  ways  of  attaching 
shafting  and  motors  to  concrete  beams  have  been  devised,  so  that 
from  the  point  of  view  of  machinery  installation  and  maintenance 
the  rigid-frame  mill  building  of  reinforced  concrete  has  proved  itself 
superior  to  any  other  type.  The  cost  of  reinforced  concrete  is  some- 
what greater  than  that  of  mill  construction,  as  a  general  thing;  but 
there  often  exist  in  some  localities  special  conditions  in  which  con- 
crete is  as  cheap  or  cheaper  than  mill  construction.  Against  its  usu- 
ally higher  cost  there  may  properly  be  set  its  indestructibility  by  fire. 
The  concrete  building  not  only  does  not  burn,  but  if  properly  built, 
it  is  so  little  harmed  even  by  a  serious  fire  that  it  can  be  equipped 
with  new  machinery  and  put  in  operation  again  in  a  very  small  part 
of  the  time  needed  to  replace  a  damaged  mill-construction  building. 
There  is  a  species  of  fire  loss,  the  interruption  of  production,  for  which 
insurance  is  often  an  inadequate  compensation;  the  concrete  mill 
building  practically  eliminates  this  loss. 

12  Another  valuable  advantage  of  the  concrete  mill  building  is 
that  it  allows  a  much  greater  window  space  than  is  possible  with 
anything  else  but  steel  construction,  which  latter,  if  effectively  fire- 
proofed,  is  much  more  costly  than  concrete.  A  concrete  building 
can  have  as  much  as  80  per  cent  of  its  outer  wall  area  devoted  to 
lighting,  as  against  a  maximum  of  about  50  per  cent  in  mill  construc- 
tion. Existing  provisions  for  the  escape  of  operatives  in  case  of  fire 
in  cotton  mills  are  on  the  whole  exceedingly  inadequate.  Most  mills 
are  equipped,  in  addition  to  stairways  with  the  familiar  type  of  out- 
side fire  escape  consisting  of  galleries  or  balconies  for  each  story,  with 
ladders  from  the  top  of  the  series  to  the  ground.  The  actual  oper- 
ation of  this  type  of  escape  is  that  the  population  of  a  big  workroom 
is,  in  case  of  fire,  crowded  upon  a  series  of  outside  balconies  from 
which  movement  to  the  ground  is  excessively  slow  under  the  best 
of  conditions;  and  in  case  of  a  fire  panic,  is  but  little  less  dangerous 
than  the  fire  Avithin  the  wall.     If  a  fire  occurs  in  a  lower  floor  of 
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the  mill,  it  breaks  from  the  windows  of  that  level  and  the  ascending 
smoke  and  flames  instantly  render  useless  the  whole  tier  of  fire-escape 
balconies  above.  It  would  seem  that  nothing  more  faulty  in  prin- 
ciple, or  imperfect  in  execution,  could  well  be  imagined,  and  it  is  a 
fair  cause  for  astonishment  that  these  contrivances  should  for  many 
years  have  been  accepted  by  engineers. 

13  The  proper  and  only  adequate  device  in  the  way  of  a  fire 
escape  is  the  isolated  staircase  tower.  It  is  doubtful  if  the  building 
of  such  towers  in  adequate  number  would  at  all  seriously  mcrease 
the  construction  cost  of  cotton  factories.  It  is  evident  that  only  the 
isolated  stair  tower  can  be  a  real  fire  escape,  and  it  would  seem  to  be 
equally  evident  that  this  type  of  safeguard  should  be  provided  for 
in  every  new  mill,  and  that  every  effort  should  be  made  to  provide 
for  it  in  existing  buildings.  It  may  be  objected  that  disastrous  fires 
in  textile  mills  are  comparatively  rare,  and  this  is  indeed  true.  This 
objection,  however,  is  beside  the  point.  Mills  several  stories  high 
cannot  be  built  utterly  without  fire  escapes,  and  if  the  necessity  of 
some  form  of  fire  escape  is  once  admitted  the  argument  for  putting 
in  a  really  efficient  device  is  a  strong  one. 

POWER 

14  The  changing  conditions  of  power  production  and  transmis- 
sion have  from  the  earliest  days  of  the  cotton  industry  had  the  most 
potent  influence  in  shaping  the  material  and  conduct  of  the  whole 
industry.  The  first  effect  was  in  forcmg  the  location  and  even  the 
shape  of  mill  buildings  to  a  large  extent  to  suit  the  possibilities  of 
the  land  lying  in  immediate  contact  with  water  privileges.  As  a 
result  of  building  the  old  mills  as  close  as  possible  to  the  water- 
wheel  which  gave  them  power,  mills  were  made  high  and  narrow  and 
often  built  on  curves  which  not  a  little  embarrassed  the  mechanical 
transmission  of  power;  and  groups  of  buildings  were  strung  out  in 
a  long  line,  or  arranged  in  other  peculiar  groupings  which  the  prac- 
tice of  today  recognizes  as  unsuitable  for  effective  power  transmis- 
sion, or  for  the  careful  arrangement  of  the  sequence  of  processes,  so 
important  in  the  economy  of  the  modern  textile  mill. 

15  Aside  from  these  direct  effects  on  the  type  of  textile  mill 
construction,  the  power  element  has  had  other  large  effects  which  it 
is  perhaps  not  easj^  to  separate  under  distinct  headings,  though  the 
results  form  together  a  series  of  complications  which  are  familiar 
to  ever}'  mill  man.     The  changing  conditions  of  power  transmission 
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have  had  niucli  to  do  A\'ith  the  grouping  of  machines  of  the  same  type 
within  the  mill,  and  even  the  machinery  layout  of  the  whole  plant. 
The  earlier  systems  also  had  much  to  do  with  accidents  to  operatives. 
IC  The  modern  use  of  electrical  drive,  either  on  the  group  system 
or  by  individual  motors,  dating  from  its  first  general  employment 
in  the  Columbia  Duck  Mills  in  1893,  has  had  a  revolutionary  effect 
on  many  aspects  of  the  cotton  industry.  It  removed,  at  the  outset, 
the  former  supposed  necessity  for  building  mills  in  immediate  con- 
tact with  water  powers,  and  therefore  permitted  the  arrangement  of 
the  different  buildings  of  a  plant  to  satisfy  the  requirements  of  speed 
and  econoni}'  in  the  routing  of  material  and  product.  With  the 
modern  electrical  transmission  line,  mills  may  be  built  miles  from  the 
power  generating  station,  in  places  where  the  supply  of  labor,  of 
building  materials,  or  of  transportation  facilities  make  it  most  advan- 
tageous to  locate  the  plant.  For  situations  of  this  general  type, 
w^here  power  must  be  developed  at  water  sites  which  do  not  offer 
the  other  conditions  required  for  a  mill,  electric  driving  may  hardly 
be  disputed  as  the  best  form  of  power. 

17  In  other  situations,  however,  particularly  where  power  has 
to  be  ot)tained  from  steam,  it  is  still  a  matter  of  debate  among  engi- 
neers as  to  wliether  electrical  transmission  or  mechanical  is  the  more 
efficient  and  economical.  The  writer  believes  that  when  power  can  be 
taken  from  the  fi^-^vheel  of  the  engine  b}^  a  short,  direct  drive  to  the 
head  shafts  of  the  mill,  such  form  of  transmission  is  preferable  to 
electrical  drive.  But  whenever  there  is  a  scattered  group  of  mills 
and  especially  where  transmission  shafting  has  to  make  angles,  elec- 
trical transmission  is  decidedly  the  more  desirable.  The  differences 
of  opinion  as  to  these  two  forms  of  power  transmission  are  due  in 
large  part  to  the  fact  that,  although  the  transmission  losses  are  greater 
with  electrical  transmission  than  with  mechanical,  the  motor-driven 
machine  gains  certain  other  things  which  make  the  equation  more 
than  the  simple  matter  of  comparing  transmission  losses ;  for  example, 
the  group  system  of  motor  drive  in  whicli  losses  are  slightly  greater 
than  with  meclianical  transmission. 

18  As  usually  arranged  with  mechanical  drive,  an  average  of 
about  72  or  74  per  cent  of  the  i.h.p.  of  the  engine  reaches  the  machine. 
With  motors  driving  groups,  about  65  to  70  per  cent  of  the  i.h.p. 
of  the  engine  reaches  the  machine;  while  with  the  intlividual  motor 
drive  the  similar  efficiency  wuU  be  from  70  to  75  per  cent. 

19  The  virtue  of  electrical  transmission  which  largely  counter- 
balances its  lower  efficiency  is  its  continuous  speed.     The  advantage 
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of  the  motor  is  most  apparent  in  individually  motor-driven  machines, 
where  speed  is  even  because  of  the  positive  action  of  the  motor.  It 
is  true  that  there  is  a  drawback  to  the  use  of  individual  motors,  and 
even  of  group  driving  motors,  in  the  high  cost  of  motors  in  compari- 
son with  shafting,  but  even  with  the  losses  of  power  already  men- 
tioned, the  advantages  of  the  present  type  of  motors  will  in  many 
cases  outweigh  this  excess  of  cost.  The  relatively  low  efficiency  of 
the  small  motor  seems  to  be  the  chief  weakness  of  the  individual 
drive  so  far  as  regards  efficiency  of  power  transmission.  The  small 
motor  seems  to  offer  an  excellent  field  for  imijrovement  at  the  hands 
of  the  engineer. 

20  Shafting  bearings  that  will  largely  reduce  the  friction  losses, 
which  are  too  great  even  with  the  modern  ring-oiled  babbitted  bear- 
ings, deserve  the  earnest  attention  of  mechanical  engineers.  The 
solution  seems  to  lie  either  with  roller  or  ball  bearings,  and  it  is 
possible  that  ball  bearings,  properly  designed  and  constructed  with 
extreme  accuracy  of  measurement  from  the  proper  qualities  of  steel, 
may  prove  the  best  type.  Roller  bearings  have  in  many  cases 
proved  very  efficient  but  it  would  seem  that  the  length  of  contact 
with  the  shafting  which  they  involve  makes  them  inherently  more 
liable  to  derangement  than  are  the  ball  bearings.  Theoretically,  at 
least,  since  a  ball-bearing  hanger  involves  only  a  single  line  of  contact 
points,  it  would  seem  that  a  bearing  of  this  type  might  be  less  liable 
to  derangement,  and  would  offer  greater  latitude  of  adjustment  than 
a  roller  bearing. 

21  Where  the  ordinary  type  of  shafting  bearing  is  retained  it  is 
often  possible  to  reduce  friction  losses  as  well  as  lubrication  cost,  by 
a  more  careful  study  of  lubrication.  Experience  has  shown  that  the 
necessary  study  and  care  of  the  cost  differences  between  the  best  and 
merely  ordinary  methods  on  the  common  types  of  lineshafting,  are 
more  than  repaid  by  the  results.  It  should  be  obvious,  however,  that 
merely  as  a  mechanical  question  the  roller  or  ball  bearing  is  greatly 
superior  to  any  sort  of  sleeve  contact. 

22  Two  special  problems  under  the  head  of  power  deserve  more 
attention  from  engineers.  The  first  of  these  problems,  which  is  how 
coal  or  ashes  can  be  handled  more  economically  in  a  given  situation, 
may  seem  a  trifling  matter;  but  the  effect  of  bad  arrangements  in 
this  particular  has  an  easily  visible  effect  on  operating  expense. 

23  The  other  problem  is  provided  by  the  power  situation  in  many 
New  England  mills  where  the  water  power  has  proved  insufficient 
for  expanding  plants  which  now  depend  upon  a  combination  of  steam 
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and  water  power  in  which  the  latter,  once  the  principal  source,  has 
very  often  become  the  auxiliary.  There  is  considerable  opportunity 
for  the  engineer  hi  the  proi)er  arrangement  and  economical  design  of 
such  combination  power  plants. 

MACHINERY 

24  With  regard  to  the  machinery  concerned  in  the  manufacture  of 
the  cotton  fiber,  it  is  rather  noteworthy  that  the  producing  capacity 
of  100,000  sq.  ft.  of  mill  floor  has  not  been  materially  increased  within 
a  number  of  years.  There  has  been  a  large  development  in  making 
machines  more  automatic  in  their  operation,  with  a  consequent  reduc- 
tion in  the  labor  cost,  but  increased  rapidity  in  the  processes  of  manu- 
facture has  been  far  less  in  evidence  in  the  cotton  than  in  many  other 
industries.  Apparently  this  situation  is  due  to  the  fact  that  with  the 
exception  of  spinning  machines,  cotton  machinery  of  the  existing 
types  is  already  running  at  as  high  speeds  as  the  nature  of  the 
fiber  will  allow.  In  the  ring-spinning  machine  it  seems  fairly 
sure  that  when  certain  improved  devices  already  in  operation  have 
been  brought  to  perfection,  spindles  will  run  15,000  r.p.m.  where  the 
maximum  is  now  ordinarily  about  9000  or  10,000.  As  the  labor  cost 
in  the  cotton  industry  has  also  been  reduced  less  than  in  any  other 
industry,  it  becomes  a  pertinent  question  for  the  mechanical  engi- 
neer to  consider  whether  the  existing  processes  really  represent  sub- 
stantially the  maximum  possible  speed  at  which  the  fiber  can  be  hand- 
led. The  ^\Titer  does  not  wish  to  asserc  that  radically  new  types 
would  make  possible  a  great  increase  in  speed,  but  with  the  facts 
before  us  it  may  be  reasonable  to  suggest  the  desirability  of  making 
a  careful  studj^  of  the  chances  for  improvement  by  a  departure  from 
present  tj-pes  of  machinery.  While  the  fact  is  not  proof  that  much 
better  types  of  machinery  are  still  possible,  it  is  true,  nevertheless, 
that  the  existing  methods  for  the  manipulation  of  the  cotton  fiber 
are  those  of  tradition.  The  question  that  might  well  be  considered 
is  whether  the  pioneers  in  cotton  processes,  on  which  succeeding  gen- 
erations have  merely  made  piecemeal  mechanical  improvements,  hit 
upon  the  only  principles  by  which  cotton  can  be  successfully  manu- 
factured; or  whether,  on  the  contrary,  more  rapid  production  can  be 
attained  by  the  adoption  of  some  different  methods  of  manipula- 
tion. If  the  principles  of  the  present  processes  are  to  be  considered 
a  finality,  it  would  seem  that  the  only  possible  gains  will  be  small, 
and  accomplished  by  making  existing  types  of  machinery  more  fully 
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automatic,  and  by  training  the  necessary  operatives  to  a  condition 
of  higher  efficiency.  There  is  some  room  for  improvement  in  this 
latter  direction  when  it  is  reaUzed  that  the  average  producing  output 
of  textile  machinery  is  about  85  per  cen  t  of  the  theoretical  capacity 
of  the  machines,  while  some  of  the  best  mills  have  maintained  an 
efficiency  of  well  over  90  per  cent. 

25  There  is  a  chance  to  make  considerable  saving  by  the  com- 
bination of  some  of  the  processes  which  are  now  performed  sepa- 
rately. As  an  example,  it  is  possible  to  do  away  with  the  spooling 
machine,  and  a  machine  has  already  been  designed  for  this  purpose, 
although  it  is  not  in  general  use  in  this  countrj^  Careful  study  would 
probably  show  that  this  plan  of  concentration  could  be  carried  still 
further. 

26  The  providing  of  satisfactory  machinery  for  the  manipulation 
of  cotton  waste  is  another  problem  the  thorough  solution  of  which 
would  benefit  both  the  machine  manufacturer  and  the  cotton  mill. 

HUMIDITY    AND    TEMPERATURE 

27  One  of  the  most  important  unsolved  problems  in  the  cotton 
manufacture  is  that  of  maintaining  within  mill  buildings  the  temper- 
ature and  humidity  necessary  for  the  most  successful  handling  of 
the  cotton  fiber.  The  almost  universal  cooling  off  of  the  air  of  mills 
during  the  night  and  over  holidays  greatly  reduces  the  absolute 
humidity  in  the  cold  season,  even  if  it  does  not  lower  the  relative 
humidity  of  the  air.  But  a  high  relative  humidity  at  a  low  tempera- 
ture does  not  put  the  fiber  in  the  best  condition  for  workmg.  There 
is  needed  not  only  a  certain  absolute  humidity,  but  in  addition  a 
temperature  which  allows  the  fiber  to  absorb  the  moisture  in  a  way 
to  bring  it  to  its  best  condition. 

28  Most  of  the  humidifiers  now  in  use,  those  of  the  self-contained 
type,  are  essentially  the  same  in  principle  as  the  primitive  method 
of  admitting  steam  through  rose  heads ;  they  depend  upon  throwing  a 
fine  spray  of  vapor  into  the  room,  where  it  must  be  absorbed  by  the 
room  air  and  diffused  until  it  meets  and  affects  the  fiber  under  manip- 
ulation. The  true  principle  would  seem  to  require  that  heating 
and  humidifying  be  combined,  those  two  functions,  and  also  that  of 
ventilating,  being  performed  by  the  same  equipment.  With  the 
positive-pressure  a'r  system  of  heating,  temperature  can  be  regulated 
automatically  and  a  uniform  temperature  can  be  mamtained.  It 
seems   evident  tiiat  the  best  system  for  humidifying  will  be  that  in 
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which  the  entering  current  of  air  for  heating  and  ventilating  is  also 
provided,  before  it  enters  the  room,  A\ith  the  requisite  degree  of 
humidity.  It  is  certainly  as  possible  to  secure  automatic  control  of 
humidity  in  the  entering  su])ply,  as  automatic  control  of  temperature. 
Such  a  system,  while  it  might  bo  difficult  to  reduce  it  at  the  outset 
to  perfectly  reliable  action,  is  in  principle  much  simpler  than  any  sys- 
tem of  numerous  heads  distributed  throughout  a  room;  and  under 
adequate  study  and  experiment  it  will  probably  turn  out  to  be  simpler 
also  as  a  piece  of  mechanism.  By  such  a  system  it  should  be  easy  to 
secure  not  only  proper  conditionmg  of  the  fiber  itself,  but  also  proper 
conditioning  of  the  operatives,  the  latter  being  quite  as  important  in 
the  long  run  as  the  state  of  the  fiber. 

29  The  maintenance  of  a  uniform  temperature  and  hvunidity 
during  all  the  non-working  hours  would  greatly  improve  the  condi- 
tion of  the  fiber.  When,  as  is  often  the  case,  mills  are  allowed  to 
cool  down  during  the  night,  either  as  a  result  of  mistaken  notions  of 
economj^,  or  through  the  carelessness  of  watchmen,  the  cotton  can- 
not be  in  the  best  condition  for  manipulation  at  the  beginning  of 
the  working  hours.  It  must  wait  for  its  proper  conditioning  until 
the  mill  has  slowly  reached  the  temperature,  and  the  air  the  proper 
humidity.  There  is  also  required  in  the  heat  of  summer  some  ade- 
quate way  of  cooling  the  room  air  when  the  outside  temperature  is 
too  high.  Both  results  can  best  be  obtained  by  combining  the  supply 
of  moisture  with  the  supply  of  hot  or  cool  air  as  the  case  may  be. 

REMOVAL   OF   LINT 

30  Another  unsolved  problem  is  some  method  of  removing  lint 
from  machinery,  motors,  and  wall,  ceiling  and  belt  surfaces  that  shall 
prevent  soiled  lint  from  damaging  the  quality  and  appearance  of  the 
product.  In  some  mills  this  task  is  handled  by  having  machines  and 
surfaces  continually  wiped  off  with  cloths,  a  method  that  is  not 
entirely  efficient,  and  undeniably  costly.  The  practice  of  blowing 
lint  from  machines  and  surfaces  with  a  blast  of  compressed  air  is 
familiar,  and  also  unsatisfactory.  The  lint  blowTi  from  the  motors 
and  from  belts,  walls  and  ceilings  is  in  large  part  diffused  again  into 
the  air,  and  tufts,  often  soiled,  descend  upon  the  cotton  in  process  of 
manufacture  and  appear  as  more  or  less  soiled  lumps  in  the  finished 
product.  The  ait' blast  is  also  objectionable  for  the  way  in  which  it 
breaks  or  disturbs  yarn  or  roving  in  the  process  of  production.  The 
lint  evil  is  naturally  most  serious  in  the  carding  and  weaving  rooms. 
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For  the  former  there  is  already  a  portable  pneumatic  suction  machine 
which  can  be  removed  from  card  to  card  in  order  to  take  up  the  lint 
set  free  when  each  card  is  cleaned.  The  device  is  successful  in  remov- 
ing a  considerable  part  of  the  lint,  but  it  does  not  cover  the  whole 
problem.  The  practical  difficulty  lies  not  so  much  with  the  system 
itself,  for  pneumatic  suction  is  adequate,  and  we  loiow  how  to  use  it, 
but  in  applying  it  without  becoming  involved  in  prohibitive  expense. 
It  is  of  course  mechanically  possible  to  provide  a  system  of  exhaust 
hoods,  even  in  a  crowded  card  room,  which  would  take  care  ot  all 
lint;  but  the  body  of  air  that  would  have  to  be  handled  by  such  a 
system  would  require  a  large  expenditure  of  power,  to  say  nothing  of 
the  rather  heavy  cost  of  hoods,  ducts,  fans  and  separating  chambers. 
It  would  be  interesting  to  know  whether,  and  how  far,  it  is  economic- 
ally and  mechanically  practicable  to  equip  the  individual  machine 
with  its  own  suction-cleaning  device,  operating  as  a  part  of  the  machine 
itself,  somewhat  after  the  manner  in  which  the  automobile  motor 
runs  its  own  fan  for  the  cooling  of  its  cylinders. 

LIGHTING 

31  The  artificial  lighting  of  textile  mills  is  a  field  which  offers 
great  room  for  improvement.  Electric  lighting  is  usually  adopted. 
There  are  many  mills  where  gas  lighting  is  still  used  and  a  few 
where  the  old  oil  lamp  may  be  found.  A  clear  white  light  is  the  best 
for  all  purposes,  but  with  many  forms  of  the  incandescent  bulb  the 
light  actually  obtained  is  usually  quite  yellow.  On  all  white  work 
the  Cooper-Hewitt  light  has  been  used  with  very  good  results,  since  it 
is  steady  and  gives  a  powerful  illumination.  It  has  been  found  very 
serviceable  in  machine  shops,  and  it  has  the  virtue  of  allowing  one 
to  concentrate  his  gaze  without  undue  fatigue  of  the  eyes.  In  cotton 
mills,  however,  the  operatives  generally  prefer  local  to  general  light- 
ing, but  this  involves  many  difficulties  in  securing  the  right  arrange- 
ment of  the  different  lights.  The  placing  of  a  hooded  bulb  close  to 
that  part  of  the  machine  which  the  operative  must  keep  under  his 
eye  has  been  one  solution  of  the  difficulty  of  cross  shadows  which 
arises  when  a  series  of  lights  are  placed  near  a  row  of  machines.  The 
hooded  local  light,  while  it  seems  at  first  sight  desirable,  probably 
tends  to  provoke  accidents,  owing  to  the  deep  shadow  surrounding 
most  of  the  machines;  and  the  alternation  of  the  operative's  gaze 
between  tlic  brilliantly  lighted  patch  of  his  machine  and  the  compara- 
tive darkness  which  surrounds  that  lighted  patch  has  been  found 
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to  be  very  hard  on  the  eyes.  This  would  seem  an  inevitable  result, 
because  a  quick  glance  from  a  l)rightly  lighted  spot  to  a  dark  spot 
and  then  back  again  to  the  light  spot  involves  two  very  rapid  accommo- 
dations of  the  eye  mechanism,  and  a  consequent  excessive  strain. 
The  artificial  lighting  of  a  textile  mill  is  in  fact  almost  a  special  field 
of  engineering. 

WOOL   AND    WORSTED   MANUFACTURE 

32  While  much  that  has  been  said  of  the  cotton  mills  applies  as 
well  to  Avoolen  and  worsted  mills,  there  are  many  problems  that  are 
more  or  less  peculiar  to  woolen  and  worsted  mills.  Some  of  the  more 
important  of  these  are  here  noted. 

33  Machinery  offers  a  great  field  for  improvement.  One  of  the 
greatest  present  wastes  comes  in  the  extremely  short  life  of  the  leather 
aprons  and  dabbing  brushes  on  worsted  combs.  The  annual  cost 
of  renewals  of  the  leather  apron  which  carries  the  stock  to  the  combs 
in  a  large  mill  may  easily  exceed  $10,000.  Metal  rolls  have  been 
tried  as  a  substitute  for  the  leather  apron,  but  without  success.  The 
problem  is  as  old  as  the  industry  and  it  would  seem  that  a  solution 
should  be  forthcoming.  The  ineffectiveness  of  many  devices  tried 
in  the  past  raises  the  question  whether  an  entirely  different  type  of 
machine  is  not  needed.  Dabbing  brushes  often  wear  out  in  about 
two  days,  and  apart  from  the  expense  of  the  new  brushes  themselves, 
the  bother  of  the  whole  operation  is  a  great  nuisance.  Something 
new  is  needed  here,  possibly  something  new  in  principle. 

34  The  French  system  of  spinning  raises  another  serious  problem 
in  the  difficulty  of  getting  the  right  conditions  for  the  best  handling 
of  the  fiber.  There  is  much  electricity.  Proper  conditioning  of  the 
air  for  the  fiber  demands  both  high  temperature  and  high  humidity. 
The  crux  of  the  whole  difficulty  seems  to  be  in  the  heating  of  the  rolls 
of  the  machine,  the  temperature  of  which  is  the  most  important 
single  item  in  successful  spiiming.  They  must  have  the  same  tem- 
perature as  the  air  of  the  room;  if  they  are  only  a  little  cooler  spin- 
ning goes  badl}^  while  if  they  are  comparatively  cold,  spinning  is 
practically  out  of  the  question.  The  problem  here  is  whether  the 
roll  can  be  heated  to  an  efficiency  temperature  by  some  internal 
application  of  heat,  so  that  its  temperature  shall  be  practically  inde- 
pendent of  the  air. 

35  A  variety  of  other  problems  may  be  grouped  together,  not 
because  they  are  individually  imimportant,  but  because  there  is  no 
need  of  enlarging  upon  them  after  what  has  already  been  said  in  more 
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detail  of  the  problems  of  the  cotton  mill.  Dust  in  the  singe-room  is 
one  of  these  problems.  This  dust  falls  to  the  floor  and  can  be  cleared 
away  with  an  air  blast  or  air  suction  rather  more  easily  than  cotton 
lint ;  but  some  kind  of  continuous  removing  process  is  necessary  be- 
cause of  the  extremely  irritating  effect  of  this  dust  when  breathed  into 
the  lungs.  Sulphur  dioxide  gases  in  the  bleachery  offer  another  prob- 
lem in  removal ;  a  somewhat  similar  prolilem  arises  also  in  the  carbon- 
izing room  where  the  treatment  of  wool  with  acids  gives  rise  to  very 
destructive  action  upon  shafting  and  wood  work.  Ventilation  of  hot- 
rooms  and  dye-houses  is  another  removal  problem.  These  air- 
borne by-products  of  the  woolen  industry,  comprising  as  they  do, 
steam,  various  destructive  gases,  dust,  an  excess  of  heat  and  humidity, 
might  seem  again  to  furnish  material  for  a  special  branch  of  engi- 
neering. Proper  utilization  of  the  waste  products  from  wool  washmg 
presents  another  opportunity  for  the  engineer.  In  regard  to  machin- 
ery, there  is  at  present  much  trouble  from  soiling  of  fabrics  by  the 
oil  used  on  the  machines  through  which  they  pass,  especially  in  the 
finishing  machines.  Such  stains  are  of  course  disastrous  on  white 
or  light-colored  goods  and  are  more  serious  than  similar  stains  on 
cotton  fabrics  because  of  the  much  greater  value  of  the  material 
itself.  There  seems  to  be  in  the  woolen  manufacture  the  same  ques- 
tion that  arises  in  respect  to  cotton,  whether  the  whole  machinery 
of  manufacture  cannot  in  some  way  be  made  to  give  more  output  and 
better  product  by  some  departure  from  traditional  methods.  Existing 
processes  leave  something  to  be  desired,  not  only  on  the  side  of  their 
producing  efficiency  and  maintenance  cost,  but  perhaps  quite  as 
much  in  the  deterioration  of  the  wool  fiber  that  results  from  existing 
processes. 

MANAGEMENT   AND    LABOR    EFFICIENCY 

36  There  remam  to  be  mentioned  some  apparently  minor  mat- 
ters relating  to  the  efficiency  of  operatives  and  to  details  of  adminis- 
tration within  the  mill  that  are  at  least  worth  attention  and  that  may 
hold  the  possibility  of  considerable  economies.  The  influx  of  labor 
from  the  near  East  and  from  Southern  Europe  has  brought  mills  in 
some  sections  to  dependence  on  a  class  of  labor  whose  neatness,  effi- 
ciency and  general  adaptability  to  the  conditions  of  cotton  manufac- 
ture are  considerably  less  than  ideal.  Certain  classes  of  operatives 
for  instance,  who  in  their  foreign  homes  never  recognized  the  need  for 
clean  hands,  bring  their  old  point  of  view  into  the  cotton  mill,  where 
in  making  piecings,  and  tying  warp  threads  with  smudgy  fingers  they 
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multiply  troubles  for  the  overseer.  This  one  problem  of  getting  the 
operative's  hands  clean  enough  for  the  handling  of  white  goods  is  a 
tolerably  s{>rious  one  in  some  mills.  Certain  plants  provide  each 
operative  in  the  spinning  and  weaving  departments  with  a  pail  of 
water  in  which  he  is  expected  to  wash  his  hands  as  often  as  is  neces- 
sary to  keep  them  clean.  Operatives  of  this  class  will  not  go  to  set 
basms  at  considerable  distance  from  their  working  stations.  It  might 
be  well  to  have  a  small  hand  basin  between  every  pair  of  windows. 

37  Prevention  of  accidents  to  operatives  seems  to  'require  that 
some  special  instruction  should  be  given  to  this  lower  grade  of  labor 
before  the  new  operative  is  allowed  to  come  into  the  mill.  It  is  not 
unlikely  that  if  green  operatives  had  a  week  of  preliminary  instruction 
in  which  they  made  the  acquaintance  of  various  types  of  machinery 
and  were  shown  w^hat  part  of  the  machines  might  lead  to  accidents, 
the  mill  managements  might  find  the  expense  of  such  instructions  a 
profitable  outlay. 

38  In  view  of  acknowledged  defects  of  certain  kinds  of  mill  labor 
there  is  the  question  whether  employers  would  not  find  it  profitable 
to  institute  and  maintain  some  continuing  scheme  for  the  instruction 
of  new  operatives,  the  picking  out  and  retaining  of  those  operatives 
who  showed  themselves  capable  of  high  efficiency,  and  the  rejecting 
of  those  operatives  with  whom  the  instruction  did  not  take.  Up  to 
the  present  time  textile  improvements  designed  to  reduce  the  labor 
cost  have  been  in  the  direction  of  requiring  less  labor  and  some  of  those 
who  are  alive  to  the  defects  of  some  of  the  present  labor  supply, 
see  a  remedy  only  m  making  textile  machinery  still  more  automatic. 

39  Finally,  in  many  of  the  older  textile  plants  of  the  country  the 
typical  American  policy  of  scrapping  inefficient  equipment  needs 
to  be  extended  to  the  buildings  themselves.  The  comparatively 
recent  erection  and  profitable  operation  of  various  new^  mills  located 
in  parts  of  New  England  removed  from  the  traditional  manufac- 
turing centers  emphasizes  the  necessity,  under  the  conditions  of 
today,  of  having  the  best  possible  plant  arrangement  in  the  matter 
of  buildings.  Some  mills  have  gone  under  and  others  are  weak, 
because  they  have  been  unwilling  or  unable  to  discard  wholly  a 
plant  layout  which  no  amount  of  internal  improvement  could  raise 
to  the  pitch  of  cost  efficiency  required  for  successful  competition 
with  new  mills  properly  laid  out  at  the  beginning.  As  reorgan- 
izations take  over  unsuccessful  properties,  it  is  fairly  certain  that  a 
considerable  number  of  old  mill  l)uildings  will  be  razed,  so  that  new 
ones  ma}^  be  put  on  the  same  sites;  or  that  the  old  buildings  will  be 
altogether  abandoned  as  manufacturing  plants. 


VARIABLE-SPEED  POWER  TRANSMISSION 

By  George  H.  Barkus  and  Chas.  M.  Manly 

ABSTRACT  OF  PAPER 

The  paper  describes  a  variable-speed  power-transmitting  mechanism  called 
the  "Manly  Drive,"  and  a  series  of  efficiency  tests  on  the  same,  conducted  by 
Mr.  Barrus.  The  mechanism  is  fundamentally  a  hydraulic  device,  which  con- 
sists of  a  pump  attached  to  the  driving  shaft,  one  or  more  fluid  pressure  motors 
on  the  driven  shaft  or  shafts,  the  latter  being  placed  in  any  desired  location 
with  reference  to  the  driving  shaft,  hydraulic  connections  between  pump  and 
motor,  and  a  single  operating  lever.  The  fluid  used  is  ordinary  machine  oil. 
When  the  operating  lever  is  moved  to  its  extreme  position  at  one  end,  the  driven 
shaft  revolves  in  the  same  direction  as  the  driving  shaft  and  at  its  highest 
speed.  When  the  lever  is  moved  to  its  extreme  position  at  the  other  end,  the 
driven  shaft  revolves  in  the  opposite  direction  at  its  highest  speed.  When  the 
lever  occupies  a  central  position  the  driven  shaft  comes  to  rest  and  the  machine 
acts  like  a  brake.  When  it  is  gradually  moved  from  either  extreme  position 
towards  the  centre,  or  from  the  centre  towards  either  extreme,  the  speed  is 
gradually  changed  in  a  corresponding  degree,  either  forward  or  backward. 
These  changes  occur  without  varying  either  the  speed,  or  direction  of  motion, 
of  the  driving  shaft.  Furthermore,  as  the  speed  of  the  driven  shaft  decreases 
the  torque  increases  in  like  proportion.  The  tests  covered  a  range  of  speed 
of  the  driven  shaft  varjdng  from  lOo  to  350  r.p.m.,  and  the  efficiency  of  trans- 
mission, viz.,  the  percentage  which  the  power  delivered  by  the  drive  bore  to  the 
power  received,  averaged  87.7  per  cent. 
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By  George  H.  Barrus,  Boston,  Mass. 

Member  of  the  Society 

and 

Chas.  M.  Manly,  New  York 

Non-Member 

In  the  rapid  extension  of  the  use  of  electric  motors  it  has  been  found 
necessary  in  many  applications  to  provide  for  a  considerable  range  of 
speeds  in  the  machinery  operated  by  them.  While  this  requirement 
has  been  met  to  a  certain  extent  in  direct-current  motors  either  by 
speed-control  systems,  involving  means  for  varjdng  the  field  strength, 
by  inserting  resistance  in  the  armature  circuit,  by  multiple  voltage 
systems,  or  by  a  combination  of  one  or  more  of  these  means  with 
others  of  a  similar  character,  still,  in  a  great  many  applications  these 
methods  have  failed  to  give  the  results  desired.  Where  only  an  alter- 
natmg-current  suppl}'  is  available,  the  speed  control  of  motors  has 
been  much  less  satisfactory,  as  even  with  a  polj'phase  current  not 
onl}'-  the  range  in  speed  variations  obtamable  with  alternatmg-current 
motors  has  been  verj-  small,  but  their  torque  characteristics  at 
starting  under  load  have  been  far  from  satisfactory. 

2  The  rapidity  with  which  the  internal-combustion  or  gas  engine 
has  been  applied  to  various  purposes  in  recent  years,  although  remark- 
able, would  no  doubt  have  been  greater  had  not  the  torque-speed 
characteristics  been  so  unsatisfactory,  especially  at  very  low  speeds, 
with  what  might  be  called  a  negative  torque  at  starting,  since  power 
from  some  other  source  must  be  provided  for  startmg.  This  has  prac- 
tically necessitated  the  introduction  between  the  engine  and  the  appa- 
ratus which  it  is  to  drive,  of  a  clutcli  or  some  other  disconnecting  device, 
so  that  the  engine  itself  may  first  be  set  to  work  and  the  driven 
apparatus  started  later  by  decreasing  gradually  the  slip  of  the  clutch. 

1  Vice-President,  ]\Ianly  Drive  Co. 
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In  some  cases  where  the  driven  mechanism  has  required  only  occa- 
sional reversal,  the  coml^ination  of  a  clutch  with  a  reverse  gear  has 
prevented  the  rejection  of  the  gas  engine  in  those  applications  where 
its  other  advantages  made  it  especially  desirable,  such  as  automobile, 
motor  boat,  and  similar  uses.  On  the  other  hand,  the  application  of 
the  gas  engine  has  not  been  so  satisfactory  where  the  torciue  required 
to  start  the  driven  mec-hanism  has  been  several  times  that  required 
at  full  speed,  such,  for  example,  as  heavy  automobile  trucks,  where 
other  factors  have  made  it  undesirable  to  provide  an  engine  capable 
of  developing  the  same  amount  of  horsepower  in  iirojjortion  to  the 
starting  resistence  to  be  overcome,  as  is  practised  in  pleasure  auto- 
mobile construction.  In  pleasure  automobiles  the  high  speeds 
desired  on  relatively  steep  hills  necessitate  the  use  of  such  a  high- 
powered  engine  that  its  size  is  really  determined  by  this  factor 
rather  than  by  the  amount  of  torque  required  to  start  the  vehicle. 
The  gas  engine  has  likemse  proved  somewhat  unsuccessful  in  the 
attempts  which  have  been  made  to  use  it  in  connection  with  road 
rollers,  hoisting  work  and  similar  applications  where  repeated  reversal 
of  motion  and  a  strong  starting  torciue  are  necessary. 

3  If  a  power  generator  were  available  which  possessed  in  combin- 
ation all  the  valuable  characteristics  of  the  steam  engine,  the  electric 
motor  and  the  gas  engine,  many  of  the  problems  of  the  engineer  would 
be  simplified.  In  the  absence  of  such  a  power  generator  the  need  of  a 
variable-speed  mechanism  for  transmitting  power  from  generator  to 
machine  becomes  more  and  more  urgent. 

4  This  paper  relates  to  the  hydraulic  variable-speed  power- 
transmission  mechanism,  designed  by  C.  M.  Manly,  which,  when 
introduced  between  an  engine,  or  power  generator,  or  even  a  single- 
phase  alternating-current  motor,  and  any  device  to  be  ch-iven  by  it, 
not  only  gives  a  speed  range  from  maximum  in  one  direction  through 
every  intermediate  speed  down  to  zero,  and  then  up  to  maximum  in 
the  reverse  direction,  but  does  so  with  the  torque  increasing  in  pro- 
portion to  the  decrease  m  speed,  within  the  limits  of  strength  of  the 
device;  and  which,  furthermore,  permits  of  the  most  rapid  and  con- 
tinuous reversal  of  the  driven  device  without  any  possibility  of  injur- 
ing the  power  transmission  mechanism  itself  or  the  driving  mechan- 
ism operating  it.  The  first  machine  to  be  actually  applied  to  regu- 
lar work  was  installed  in  January  1907,  on  a  2-ton  automobile  truck. 
I'his  machine  is  still  in  operation  on  the  streets  of  New  York. 
Although  its  use  has  been  confined  largely  to  testing  work,  it  has 
covered  a  toinl  i>f  something  more  tlian  8000  miles,  always  carrying  a 
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load  of  2  tons  or  more,  and  the  drive  itself  appears  to  be  in  as  good 
condition  as  when  originally  installed.  In  fact,  when  it  was  recently 
taken  apart  to  determine  how  much  it  had  been  worn,  no  evidence 
could  be  found  of  any  deterioration  whatever  in  its  various  parts. 
5  The  device  consists  of  a  pump  connected  to  the  power  gener- 
ator, with  one  or  more  fluid  pressure  motors  attached  to  the  driven 
shaft  or  shafts  and  placed  in  any  desired  location  with  reference  to 
the  pump,  hydraulic  connections  between  them,  and  a  single  operat- 
ing lever.     The  pump  is  of  multicylinder  construction  with  variable 


Fig.    1      MtJLTK'YLINDERS  LOCATED  AROUND  CENTRAL  CrANK  ChAMBER 

stroke,  attached  to  the  driving  shaft.  The  multicylinder  motors 
have  a  fixed  stroke,  and  are  attached  to  the  driven  shaft,  the  pipe 
connections  or  passages  between  them  transmitting  the  working 
fluid.  The  various  cylinders,  both  of  the  pump  and  motors,  radiate 
equidistantly  from  a  central  crank  chamber,  and  the  pistons  or  pkmg- 
ers  are  connected  to  a  single  crank  pin,  which  is  common  to  all.  The 
fluid  used  is  ordinary  machine  oil,  the  lubricating  qualities  of  which 
and  its  freedom  from  danger  of  freezing  admirably  fit  it  for  such  a 
purpose.  Wlien  once  filled  the  oil  is  used  over  and  over  again,  being 
in  continuous  circulation  from  pump  to  motor  through  one  set  of 
pipes  or  passages  and  back  again  from  motor  to  pump  through  another 
set. 
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6  Figs.  1,  2  and  3  show,  m  an  elementary  waj',  the  leading 
features  of  the  arrangement.  Fig.  1  illustrates  the  location  of 
the  nmlticylmders  aromid  the  central  crank  chamber,  the  number  in 
use  in  the  instance  illustrated  being  five.  Fig.  2  shows  a  cross-sec- 
tion through  the  crank  pin  of  the  pump.  Fig.  3  is  an  elementary 
sectional  elevation  showmg  the  cylinders  and  valves  of  both  pump 
and  motor,  and  the  ])ipes  forming  the  connection  between  them.  A 
represents  the  ]:)lungers,  and  B  the  valves  of  the  jiump.  Connection 
betAveen  the  two  is  made  by  passages  leading  from  the  head  ends  of 
the  pump  cylinders  to  the  centers  of  the  correspondmg  valve  chambers. 
C  represents  the  valves,  and  D  the  phmgers  of  the  motor.  Here  the 
passages  between  the  valve  chambers  and  the  plunger  cylinders  lead 
from  the  center  of  the  valve  chambers  to  the  head  end  of  the  motor 
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Fig.  2    Cross-Section  through  Crank  Pin  of  the  Pump 


cylinders.  The  corresponding  ends  of  the  two  valve  chambers  are 
connected  by  the  pipes  E  and  F.  One  pipe  carries  the  oil  in  one 
direction,  and  the  other  pipe  returns  it  hi  the  opposite  direction.  The 
outer  ends  of  the  five  valve  chambers  of  the  pump  are  connected  by 
the  circular  passage  G,  and  the  inner  ends  by  the  circular  passage 
H;  likewise  the  five  valve  chambers  of  the  motor  are  connected  by 
the  circ^  ular  passages  /  and  /.  In  this  elementary  diagram  the  two 
shafts,  both  driving  shaft  A'  and  driven  shaft  L,  are  sho\m  in  the  same 
line,  although  disconnected.  It  will  readily  be  seen  that  the  two 
shafts  may  occupy  anj/'  angular  position  with  reference  to  each  other, 
and  any  distance  apart,  the  connecting  pipes  being  arranged  accord- 
ingly- 

7     The  stroke  of  the  pump  may  be  varied  at  will;  that  of  the 
motor  is  fixed.     The  variation  of  pump  stroke  is  accomplishetl  by  a 
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crank  on  which  is  mounted  an  eccentric  l)ushing.  By  revolving  the 
bushing  with  reference  to  the  crank,  its  center  line  is  brought  into 
alignment  A\'ith  the  center  of  the  shaft,  and  when  this  position  is 
reached  no  recijirocating  motion  is  commimicated  to  the  pump  plung- 
ers. When  the  pump  is  running  at  full  stroke  the  motor  operates  at 
the  highest  speed.  By  varying  the  pump  stroke  and  thereby  the 
vehx'ity  of  the  oil  in  circulation,  the  motor  runs  at  a  speed  which  is 
exactl}'  in  proportion  to  the  amount  of  oil  that  passes  through  it. 
Any  desired  rotative  speed  can  therefore  be  secured  and  maintained. 
For  reversal,  the  pump  stroke  first  passes  through  the  zero  point. 


PI/ MP 


MOTOfl 


Fig.  3    Sectional  Elkvation  of  Pump  and  Motor 

Then  the  valves  change,  and  the  oil  is  simply  pumped  in  the  opposite 
direction  through  the  ports  and  pipes.  Referring  to  Fig.  3,  when  the 
motor  is  going  forward,  pipe  E  furnishes  a  supply  to  the  motor  trans- 
mitting the  oil  mider  pressure  from  pump  to  motor,  while  pipe  F 
returns  it  from  motor  to  pump,  therel^y  answering  the  purpose  of 
an  exhaust  pipe.  When  the  motor  goes  backward,  pipe  F  becomes 
the  supply  under  pressure,  and  pipe  E  changes  to  the  exhaust  pipe, 
the  direction  of  circulation  through  the  connecting  pipes  being  com- 
pletely reversed.  In  case  of  a  sudden  check  in  the  speed  or  a  quick 
reversal,  the  momentum  due  to  rumiing  in  one  direction  is  taken  up 
in  the  device  itself.     A  safety  valve,  set  at  2000  lb.  per  sq.  in.,  opens 
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a  by-pass  when  there  is  an  over-pressure  and  this  acts  as  a  cushion 
preventing  injury  to  the  machine. 

8  Fig.  2  shows  the  arrangement  of  the  crank  by  which  the  length 
of  the  pump  stroke  is  adjusted.  A  is  the  center  of  the  shaft,  B  is  the 
center  of  the  bushing,  while  C  is  the  center  of  the  crank.  Point  C 
lies  halfway  between  pomts  A  and  B  when  all  three  are  in  line.  With 
this  arrangement,  it  is  readily  seen  that  when  the  bushing  is  rotated 
180  deg.  around  the  center  C  of  the  crank,  the  center  of  the  bushing, 
which  is  the  real  crank  pin,  is  brought  into  exact  alignment  with 
the  center  of  the  shaft,  and  when  this  occurs,  the  length  of  the  crank 
becomes  zero,  and  the  reciprocations  cease,  as  already  explained. 

9  The  rotation  of  the  crank  bushing  from  the  position  of  max- 
imum stroke  to  the  no-stroke  point,  is  accomplished  by  the  use  of 
an  auxiliary  piston,  lying  parallel  to  the  shaft,  and  supplied  with 
power  from  the  fluid  pressure  of  the  pump,  and  this  piston  operates 
on  the  bushing  through  appropriate  mechanism.  It  is  under  the  con- 
trol of  a  pilot  valve,  which  is  moved  at  will  by  means  of  a  hand 
lever.  By  simply  moving  this  lever  from  one  end  of  its  throw  to  a 
central  position,  the  speed  of  the  motor  shaft  is  varied  from  its  maxi- 
mum speed  to  a  condition  of  absolute  rest,  and  by  moving  the  lever 
to  the  other  end  of  its  throw  the  motion  is  reversed  and  any  speed  is 
secured  ranging  from  zero  to  a  maximum  speed  in  the  reverse  direc- 
tion. Meanwhile  the  driving  shaft  continues  to  run  at  constant 
speed,  whatever  the  speeds  or  direction  of  motion  of  the  driven  shaft. 

10  The  speed-controlling  feature  of  the  drive  serves  a  most  impor- 
tant purpose  when  applied  to  vehicles  such  as  automobiles,  railroad 
motor  cars,  power  boats  and  elevators.  When  the  motor  comes  to 
absolute  rest,  the  pump  stroke  being  reduced  to  zero,  no  motion  of 
the  motor  is  permissible  in  either  direction  until  the  adjustment  is 
changed  so  that  the  fluid  again  begins  to  flow  from  pump  to  motor. 
Its  effect  at  such  times  is  that  of  a  brake  applied  to  the  wheels,  though 
much  more  positive  and  reliable.  The  importance  of  the  brake 
feature  can  hardly  be  overestimated  when  it  is  remembered  that  all 
the  effects  as  to  varying  speed,  reversal  of  motion,  and  brake  action 
are  brought  about  by  the  movement  of  a  single  hand  lever.  Many 
accidents  occur  owing  to  the  confusion  of  the  driver  having  a  number 
of  different  controlling  devices  to  operate.  The  single-control  lever  of 
the  drive  prevents  this.  When  the  lever  is  in  its  forward  position, 
the  machine  goes  forward  at  maximum  speed.  When  the  lever  is 
imlled  over  to  the  middle  position,  the  machine  comes  to  rest,  and  is 
locked  there  as  with  a  brake.     When  the  lever  is  pulled  over  still 
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farther  to  its  extreme  backward  j^osition,  the  machine  goes  backward 
at  maximum  speed. 

11  Another  feature  of  the  drive,  the  increase  of  torque  in  the 
driven  shaft  as  the  speed  is  reduced,  should  be  mentioned.  This 
is  pecuUarly  adapted  to  road  vehicles  traveling  in  a  hilly  country. 
By  slowing  doAvn  the  driven  shaft,  the  torque  or  pulling  power  may 
be  increased  to  any  degree  within  the  limiting  1)low-off  pressiu'e  of  the 
safety  valve.  Whatever  the  capacit}'^  of  the  engine,  the  vehicle  may 
be  propelled  up  any  hill,  however  steep  the  grade,  provided  the  speed 
is  slow  enough,  and  the  wheels  do  not  slip. 

RECORD    OF   TEST 

12  The  drive  tested  was  one  built  for  a  5-ton  automobile  truck- 
It  Avas  momited  on  a  temporarj'-  wooden  rack  representing  a  truck 
frame  and  fastened  to  the  floor  of  the  shop.  In  all  its  essential 
features  it  was  a  duplicate  in  design  of  the  2-ton  truck  drive,  which 
had  been  used  in  actual  work  for  two  years,  but  it  was  larger  and 
embodied  in  its  construction  certain  refinements  of  detail  regarding 
the  main  castings  and  the  interior  parts  of  the  mechanism  not  pos- 
sessed by  the  earlier  machine.  As  applied  to  the  truck,  the  present 
machine  under  consideration  comprised  one  5-cylinder  pump  and  two 
hydraulic  motors,  each  having  5  cylinders.  The  motors  were  placed 
at  right  angles  to  the  pump  shaft  for  connection  to  the  driving  wheels 
of  the  automobile,  dispensing  with  the  differential  gears.  For  adap- 
tation to  general  use,  as  already  noted,  the  motor  and  pump  might 
either  be  in  line  with  each  other  and  firmly  bolted  together  without 
intermediate  pipes,  or  placed  at  any  angle,  or  in  any  plane  with  re- 
spect to  each  other,  or  at  any  distance  apart  without  changing  the 
underlying  principles  embodied  in  the  apparatus  tested. 

13  While  the  controlling  mechanism  permitted  the  variation  of 
speed  from  a  maximum  m  one  direction  down  to  zero,  and  then  up  to  a 
maximum  in  the  reverse  direction,  the  tests  were  made  with  the 
motion  in  one  direction  only.  The  conditions  of  operation  were 
the  same,  however,  in  both  directions  and  the  results  were  unaffected 
by  the  precise  direction  of  rotation. 

14  For  the  purposes  of  the  present  tests  it  was  desirable  to  us 3 
only  one  motor  so  that  the  whole  power  might  be  measured  by  the 
use  of  a  single  brake.  The  second  motor  (which  is  used  in  the  auto- 
moliile  outfit)  was  removed,  and  the  pipe  connections  to  it  from  the 
l)ump  were  blanked  oft".     The  whole  work  was  thus  thrown  upon  a 
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Single  motor,  thereby  increasing  the  fluid  resistance.  This  point  is 
especially  to  be  noted,  because  the  ports  and  passages  were  propor- 
tioned for  a  truck  equipment  in  which  two  motors  share  equally  the 
fluid  delivered  from  the  pump.  With  one  motor  transmitting  the 
total  quantity  of  oil  designed  to  be  handled  by  two,  the  operating 
conditions  were  less  favorable  than  those  of  actual  service. 

15  To  supply  power  for  operating  this  apparatus,  the  pump  shaft 
was  coupled  to  a  15 -h. p.  direct-current  electric  motor  made  by  the 
General  Electric  Company.  The  type  and  size  of  this  motor  were  as 
follows:  Shunt-wound  motor  No.  79,214;  type  C.E.,  class 4, 15  h.p., 
690  r.p.m. ;  form  A,  230  volts,  55|  amperes.  This  motor  was  the  most 
convenient,  inasmuch  as  the  quantity  of  power  supplied  by  electricity 
is  a  matter  of  ready  determination. 
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Fig.  5    Diagram  showing  Arrangement  of  Test  Apparatus 


16  Fig.  4  shows  an  exterior  view  of  the  apparatus.  It  was 
taken  at  comparatively  close  range  and  the  perspective  is  not 
altogether  satisfactory,  but  the  leading  features  are  fully  exhibited. 
The  electric  drivmg  motor  is  shown  at  the  extreme  end  of  the  frame 
work.  Next  comes  the  pump,  the  driving  shaft  of  which  is  in  line 
with,  and  a  continuation  of,  the  electric  motor  shaft.  A  system  of 
piping  leads  from  the  pump  to  the  hydraulic  motor,  one  set  of  pipes 
carrying  the  circulating  oil  from  the  pump  to  the  motor  and  another 
returning  it  to  the  pump.  The  shaft  of  the  hydraulic  motor,  as 
already  stated,  is  at  right  angles  to  the  pump  shaft.  A  pulley  is 
attached  to  the  end  of  this  shaft.  Just  outside  the  pulley  may  be 
seen  the  upper  ends  of  two  bolts.  These  come  from  the  lower  brake 
shoe,  used  in  the  tests,  which  is  hidden  from  view.  The  upper  ends 
of  the  bolts,  which  are  provided  with  nuts,  hold  down  the  upper 
brake  shoe.  This  part  of  the  brake  was  not  in  place,  and  is  not 
shown  in  the  figure.  Attention  may  be  called  to  the  operating  lever 
at  the  extreme  end  of  the  pump,  near  the  electric  motor,  which  regu- 
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lates  the  speed  of  the  drive  shaft  to  any  desired  point.  The  adjust- 
ment is  so  sensitive  that  the  speed  can  readily  be  cut  down  to  as  low 
a  p  )int  as  1  r.p.m.,  if  desired,  the  pu.ley  at  such  times  just  barely  drag- 
ging; along,  the  main  driving  shaft  still  operating  at  maximum  speed. 
17  Fig.  5  is  an  elementary  drawing  showing  at  a  glance  the 
leading  features  of  the  apparatus.  A  is  the  pump,  B  the  motor, 
C  the  connecting  pipes,  D  the  pilot  valve,  E  the  controlling  lever,  F 
the  electric  motor,  and  G  the  brake.  The  dimensions  of  the  leading 
parts  of  the  pump  and  hydraulic  motor  in  the  test  apparatus  are 
given  in  Table  1. 


85 

^ 

^ 

> 

/ 

y 

/ 

^ 

/ 

> 

/ 

5 

° 

/ 

/ 

- 

5  W 

S 

/ 

/ 

/ 

/ 

^ 

/ 

*; 

/ 

|'» 

/ 

/ 

•<j 

/ 

6S 

3        *         s        6        7        %        g        to       tt       tZ      13       H 
Ktlovatte 

Fig.  6    Test  of  Electric  Motor,  November  28,  1908 


18  On  these  tests  the  apparatus  was  jQlled  with  a  mineral  oil, 
called  by  the  trade  Arctic  machine  oil,  costing  25  cents  per  gal. 
The  quantity  in  circulation  with  a  single  motor  is  about  5  gal.  With 
both  hydraulic  motors  in  use,  the  quantity  is  increased  to  about  7 
gal. 

19  With  the  dimensions  in  Table  1,  each  revolution  of  the  pump 
shaft  causes  the  circulation  of  sufficient  oil  to  produce  about  one- 
half  a  revolution  of  the  motor  at  maximum  speed.  Consequently, 
the  maximum  speed  of  the  motor  shaft  and  brake  wheel  is  about  one- 
half  that  of  the  pump  shaft  and  electric  motor. 

20  The  general  object  of  the  tests  was  to  determine  the  efficienc}^ 
of  this  system  of  transmitting  power,  in  other  words,  the  proportion 
which  the  power  taken  out  bears  to  the  power  put  in  it. 
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21  The  scope  of  the  tests  was  sufficient  to  make  this  determina- 
tion not  only  under  conditions  of  full  load  and  full  speed  of  the  driven 
shaft,  but  under  all  other  conditions  of  load  and  speed  at  which  the. 
testing  apparatus  could  be  used.     The  tests  were  therefore  made  in 

TABLE  1    DIMENSIONS  OF  PUMP  AND  MOTOR  IN  TEST  APPARATUS 


Pump 

Motor 

5.0 

2.5 
1.5 

24.0 

18.0 

5.0 

2.5 

3.0 

Diameter  of  circle  enclosing  pump  plunger  cylinders  and 

24.0 

Diameter  of  circle  enclosing  pump  valve  chambersand  motor 
plunger  cvlinders,  in 

18.0 

Distance  from  center  of  motor  shaft  to  front  end  of  pump,  In. 
Distance  from  center  line  of  pump  shaft  to  outboard   bear- 

46 
20 

Length  of  pump  over  all,    In 

30 

several  series.  During  each  the  ajjparatus  was  operated  first  at  the 
full  speed  of  the  driven  shaft,  and  then  step  by  step  at  reduced  speed 
down  to  the  minimum  that  could  be  satisfactorily  handled  by  the 
Jjrake.     Four  series  were  made,  two  when  the  apparatus  was  at  a 


TABLE  2    DATA  AND  RESULTS  OF  ELECTRIC  MOTOR  TESTS 

■ 

Efficiency 

Electric 
Horsepower 

Rev. 

Net  Weight 

Brake  H.P. 

or  Percent- 

No. 

Amperes      Volts 

Watts 

per 

in  Brake 

or  Power 

tage    Borne 

or   Power 

Min. 

Arm 

Delivered 

by    Col.    8 

Supplied 

to  Col.  5 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

54             233.5 

12609 

16.9 

720 

26.0 

14.25 

84.3 

2 

49              232 

11368 

15.23 

725 

23.0 

12.72 

83.3 

3 

44              233 

10252 

13.74 

729 

20.5 

11.38 

82.8 

4 

39              232 

9048 

12.13 

727 

17.5 

9.68 

79.8 

5 

29        1      230 

6670 

8.94 

730 

12.5 

6.95 

77.7 

6 

19              214 

4066 

5.45 

708 

7.0 

3.77 

69.2 

medium  temperature,  and  two  after  it  had  been  operated  a  sufficient 
time  to  warm  the  oil  to  its  maximum  temperature.  Each  of  the 
double  series  was  made  first  with  a  constant  amount  of  power  passing 
into  the  apparatus  and  passing  out  at  the  reduced  speed,  increasing 
the  torque,  or  the  weight  on  the  brake  arm,  inversely  as  the  speed 
decreased ;  and  second,  with  a  constant  weight  on  the  brake  arm,  and 
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the  amount  of  power  passing  into  the  apparatus  reduced  step  by  step 
as  the  speed  of  the  hydrauHc  motor  was  reduced. 

22  As  already  noted,  the  power  dehvered  was  absorbed  by  a 
friction  brake  surrounding  the  hydrauHc  motor  wheel.  This  brake 
was  of  the  ordinaiy  Prony  brake  pattern,  consisting  of  two  blocks, 
fitting  the  periphery  of  the  wheel,  one  above  and  one  below.  An  arm 
or  lever,  extending  from  the  upper  block  horizontally,  was  attached  to 
a  spring  balance.  The  point  of  attachment,  which  was  exactly  4  ft. 
from  the  center,  was  level  with  the  center  of  the  shaft,  and  the  direc- 
tion of  motion  was  such  that  the  pull  of  the  brake  lever  was  exerted 
vertically  downward,  the  balance  being  susi3ended  from  a  l^eam 
overhead. 

23  The  brake  shoes  were  lined  with  circular  pieces  of  cork  set 
into  the  wood  to  obtain  a  uniform  friction.  The  lower  half  of  the 
pulley  dipped  beneath  the  surface  of  water  in  a  small  tank  which  sur- 
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Fig.  7    Efficiency  Test  of  Manly  Drive,  Series  A,  December  8,  1908 

rounded  it,  and  this  tank  was  kept  partially  filled  with  cold  water  to 
absorb  the  heat  of  friction.  The  brake  arm  was  housed  in,  to  prevent 
undue  throwing  of  the  cooling  water.  The  requisite  amount  of  pres- 
sure on  the  brake  shoes  was  obtained  by  screwing  clowai  the  nuts 
holding  the  two  halves  together,  using  an  ordinary  hand  wrench. 

24  The  power  supplied  by  the  electric  motor  was  determined  by 
measuring  the  amount  of  electric  current  consumed,  and  determining 
the  output  of  this  motor  by  employing  the  proj^er  coefficient  of  effi- 
ciency. This  coefficient  was  found  by  disconnecting  the  motor  from 
the  apparatus,  attaching  the  same  pulley  to  the  shaft  as  that  used  for 
the  brake  wheel,  and  using  the  same  brake  as  that  employed  on  the 
main  efficiency  tests.  The  electric  tests  were  made  by  comparing  the 
amount  of  current  supplied  to  the  electric  motor,  reduced  to  horse- 
poAver,  with  the  amount  of  power  delivered,  as  determined  by  the 
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brake  test.     This  was  done  for  the  whole  range  of  current  used  on  the 
main  efficiency  tests.     By  this  means  an  efficiency  curve  was  obtained 

TABLE  3    DATA  AND  RESULTS  OF  EFFICIENCY  TESTS,   SERIES  A 
Temper.\ture   of  Circulating  Oil,  Medium.     General  Characteristics:   Constant  power, 

DRIVING  shaft;   CONSTANT  SPEED,    DRIVING  SHAFT;      VARYING    SPEED,     DRIVEN     SHAFT;     CONSTANT 
POWER,  DRIVEN  SHAFT;  VARYING  WEIGHT  ON  BRAKE  ARM.      DaTB  OF  TeST,  DECEMBER  8,  1908. 


Amperes 55.0 

Volts 234.0 

Watts  (line  1  X  line  2) 12870.0 


Electric  h.p.  of  current  (line  3-H746) 

EflBciency  of  electric   motor,   taken   from 

curve  on  Fig.  7,  pei  cent 

Power  supplied  to  driving  shaft  (line  4  X 

line  5),  h.  p 

R.p.m.,  driving  shaft  (electric  motor) 

R  p.m.,  driven  shaft,    (Manly    hydraullcj 

motor) 

Temperature  of  oil  in  circulation,  deg 

Net  weight  on  brake  arm,  lb 

Brake  h.p.,  or  power  delivered  to  driven 

shaft 

EflSciency  of  drive,  or  percentage  borne  by 

line  11  to  line  6 


17.25 

84.4 

14.56 
755.0 

363.0 
115.0 
45.0 

12.42 

85.3 


55.0 

239.0 

13145.0 

17.62 

84.4 

14.87 
760.0 

299.0 
116.0 
57.0 

12.97 

87.2 


55.0 

55.0 

236.0 

2.35.3 

12980,0 

12941.0 

17.40 

17.35 

84.4 

84.4 

14.68 

14.64 

755.0 

755.0 

250.7 

200.3 

117.0 

118.0 

68.7 

85.7 

13.12 

13.07 

89.4 

89.2 

55.0 
232.0 
12760.0 
17.10 

84.4 

14.43 
750.0 

139.7 
120.0 
116.3 

12.30 

85.7 


TABLE  4    DATA  AND  RESULTS  OF  EFFICIENCY  TESTS.  SERIES  B 
Temper.^ture  of  Circulating  Oil,  Medium.     General  Conditions:  Varying  power,  driving 

shaft;  CONST .\NT  SPEED,  DRIVING  SHAFT;  VARYING  SPEED,  DRIVEN  SHAFT;  VARYING  POWER,  DRIVEN 
shaft;  CONSTANT  WEIGHT  ON  BRAKE  ARM.      DaTE  OP  TeST,   DECEMBER  9,   1908. 


Amperes 

Volts 

Watts  Glne  1  X  line  2) . . . 
Electric  h.p.  of  current  (line  3-^ 

746) 

Efficiency  of  electric  motor,  taken: 

from  curve  on  Fig.  7,  per  cent. 
Power  supplied  to  driving  shaft,; 

(line  4  X  line  5),  h.p 

R.p.m.,   driving    shaft    (electric 

motor) 

R.p.m.,  driven    shaft,   (hydrau- 
lic motor), 352.0 

Temperature  of  oil  in  circulation, 

deg 

Net  weight  on  brake  arm,  lb. 
Brake  h.p.,  or  power  delivered 

to  driven  shaft 

Efficiency  of  drive,  or  percentage 

borne  by  line  11  to  line  6. 


55.0 

49.0 

42.0 

36.0 

29.0 

230.0 

227.0 

228.0 

224.0 

221.0 

12650.0 

11123.0 

9576.0 

8064.0 

6409.0 

16.96 

14.91 

12.84 

10.81 

8.59 

84.3 

83.3 

81.4 

79.1 

75.8 

14.3 

12.38 

10.45 

8.55 

6.51 

750.0 

745.0 

745.0 

740.0 

730.0 

352.0 

310.0 

264.0 

215.0 

160.0 

122.0 

124.0 

127.0 

128.0 

129.0 

46.0 

46.0 

46.0 

46.0 

46.0 

12.33 

10.86 

9.24 

7.54 

5.60 

.    86.2 

87.6 

88.4 

88.2 

86.1 

22.2 

221.0 

4906.0 

6.58 
71.8 

4.72 

730.0 

112.0 

130.0 
46.0 

3.92 

83.1 


which  applied  to  the  motor  as  actually  operated  on  the  work  in 
question. 
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25     All  the  instruments  employed  were  either  standardized,  or 
compared  with  recognized  standards,  and  any  errors  allowed  for. 

TABLE  5    DATA  AND  RESULTS  OF  EFFICIENCY  TESTS,  SERIES  C 

Temperature  of  Circulating  Oil,  Maximum.  General  Conditions:  Constant  power,  driv- 
ing shaft;  constant  speed,  driving  shaft;  varying  speed,  driven  shaft;  constant  power, 
DRIVEN  shaft;  varying  weight  on  brake  arm.    Date  of  Test,  December  9,  1908. 


Amperes 55.0 

Volta I  230.0 

Watts  (line  1  X  line  2), j  12650.0 

Electric  h.p.  of  current  (line  3-746) ;  16.96 

Efficiency  of  electric   motor,   taken   from 

curve  on  Fig.  7,  per  cent |  84.3 

Power  supplied  to  driving  shaft  (line  4  X 

line  5),  h.p j  14.3 

R.p.m.,  driving  shaft  (electric  motor)..  ..I  750.0 

R.p.m.,  driven  shaft,  (hydraulic  motor)  ..  350.0 

Temperature  of  oil  in  circulation,  deg.  ...|  132.0 

Net  weight  on  brake  arm,  lb 47.0 

Brake  h.p.,  or  power  delivered    to    driven 

shaft 12.50 

Efficiency  of  drive,  or  percentage  borne  by 

line  11  to  line  6 1  87.4 


.55.0 

,55.0 

55.0 

.55.0 

236.0 

239.0 

238.0 

237  0 

12980.0 

13145.0 

1.3090.0 

13035.0 

17.4 

17.62 

17.55 

17.47 

13. 33 


90. 


14.68 

14.87 

14.81 

14.74 

755.0 

760.0 

760.0 

755.0 

310.0 

270.0 

202.0 

163.0 

133.0 

134.0 

1.35.0 

135.0 

56.5 

66.5 

86.0 

103.5 

13.66 


91.9 


13.23 


12.83 


TABLE  6    DATA  AND  RESULTS  OF  EFFICIENCY  TESTS,  SERIES  D 

Temperature  OF  Circulating  Oil,  Maximum.  General  Conditions:  Varying  power,  drivix*; 
shaft;  constant  speed,  driving  shaft;  varying  speed,  driven  shaft;  varying  power,  driven 
shaft;  constant  weight  on  brake  arm.    Date  of  Test,  December  9,  1908. 


1  Amperes 55 . 0 

2  Volts 230.0 

3  Watts  (line  1   X  line  2) 12650.0 

4  Electric  h.p.  of  current   (line  3-i- 

746) 16.96 

5  Efficiency  of  electric  motor,  taken 

from  curve  on  Fig.  7,  per  cent.         84.3 

6  Power  supplied  to  driving   shaft 

(line  4  X  line  5),  h.p 14.3 

7  R.p.m.,    driving   shaft    (electric 

motor) 750,0 

8  R.p.m.,  driven  shaft,  (hydraulic 

motor) 350.0 

9  Temperature  of  oil  in  circulation 

deg 134.0 

10  Net  weight  on  brake  arm,  lb.   . .  47.0 

11  Brake  h.p.,  or  power  delivered  to 

driven  shaft, 12.50 

12  Efficiency  of  drive,    or   percent- 

age borne  by  line  11  to  line  6.  . .,        87.4 


49.0 

228.0 

11172.0 

14.98 

83.4 

12.46 

745.0 

315.0 

136.0 
47.0 

11.26 

90.2 


39.5 

226.0 

8927.0 

11.97 

80.5 

9.63 

740.0 

245.0 

137.0 
47.0 

8.76 

90.9 


32.5 
236.0 
7670.0 

10.28 

78.4 

8.06 

755.0 

200.0 

137.0 
47.0 

7.14 

88.6 


25.5 

236.0 

6018.0 

8.07 
74.8 

6.04 

755.0 

145.0 

136.0 
47.0 

5.19 

85.9 


20.2 
238.0 
4S0;.0 

6.44 

71.5 

4.60 

760.0 

105  0 

136  0 
47.0 

3.76 

81.6 


The  tests  were  made  on  November  28,  December  8,  and  December  9, 
1908.  Other  tests  of  a  preliminary  nature  were  made  on  November 
21  and  22,  1908. 
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26  Tlie  data  and  results  of  the  tests  on  the  electric  motor  are 
given  in  Table  2  and  Fig.  6  on  which  the  results  are  plotted.  Fig.  6 
also  represents  the  true  curve  of  efficiency  of  the  motor,  based  on  the 
ob'servations  made. 

27  The  data  and  results  of  the  four  series  of  efficiency  tests  are 
given  in  Tables  3-6.  The  results  are  plotted  on  Figs.  7-10,  together 
with  efficiency  curves  based  on  these  results. 
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Fig.  8     Efficiency  Test  of  Manly  Drive,  Series  B,  December  9,  190S 

28  Referring  to  Tables  3-6  the  efficiency  obtained  on  the  tests 
of  Series  A^  with  medium  temperature  of  oil  and  constant  power,  is 
85.3  per  cent  at  the  full  speed  of  363  r.p.m.,  increasing  89.4  per  cent 
with  speed  reduced  to  250  r.p.m.,  and  then  decreasing  to  85.7  per 
cent  with  speed  further  reduced  to  140  r.p.m.     On  the  tests  of  Se- 
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Fig.  9    Efficiency  Test  of  Manly  Drive,  Series  T,  December  9,  1908 

ries  B,  with  medium  temperature  of  oil  and  constant  weight  on  the 
brake  arm,  the  efficiency  is  86.2  per  cent  at  the  full  speed  of  352 
r.p.m.,  increasing  to  88.4  per  cent  with  speed  reduced  to  264  r.p.m., 
and  falling  back  to  83.1  per  cent  with  speed  decreased  to  112  r.p.m. 

29     On  the  tests  of  Series  C,  with  maximum  temperature  of  oil 
and  constant  power,  the  efficiency  is  87.4  per  cent  at  the  full  speed  of 


1610 


VARIABLE-SPEED    POWER   TRANSMISSION 


350  r.p.m.,  increasing  to  91.9  per  cent  with  speed  reduced  to  270 
r.p.m.,  and  then  faUing  back  to  87.0  per  cent  with  a  further  reduction 
of  speed  to  163  r.p.m.  On  the  tests  of  Series  D,  with  maximum  tem- 
perature of  oil  and  constant  weight  on  the  brake  arm,  the  efficiency 
is  87.4  per  cent  at  the  full  speed  of  350  r.p.m.,  increasing  to  90.9  per 
cent  with  a  reduction  of  speed  to  245  r.p.m.,  and  dropping  to  81.6 
per  cent  with  a  further  reduction  of  speed  to  105  r.p.m.  The  tests 
with  maximum  temperature  of  circulating  oil  show  a  material  advan- 
tage over  those  with  lower  temperature  as  might  be  expected  from 
the  nature  of  the  fluid.  The  average  of  all  the  figures  of  efficiency 
given  computed  numerically,  is  87.7  per  cent. 


/fev  J^er   /^zn 


Fig.  10    Efficiency  Test  of  Manly  Drive,  Series  D,  December  9,  1908 


30  The  operating  features  of  the  drive,  viewed  as  a  power  trans- 
mitting machine,  were  entirely  satisfactory.  On  some  days  the  appa- 
ratus was  worked  almost  constantly  under  a  brake  load  for  a  10-hr. 
run,  and  the  machine  was  always  in  excellent  condition  whether  at 
the  end  of  the  period  or  at  the  beginning, 

31  There  was  never  any  sign  of  overheating.  It  was  always 
noticeable  that  as  the  temperature  of  the  circulating  oil  increased, 
the  percentage  of  efficiency  increased;  thus  showing  that  the  fric- 
tional  losses  were  reduced  as  the  oil  became  less  viscous  under  the 
higher  temperature. 


AIR-CONDITIONING  APPARATUS 

PRINCIPLES  GOVERNING  ITS  APPLICATION  AND  OPERATION 

By  Willis  H.  Carrier  and  Frank  L.  Busey 

ABSTRACT  OF  PAPER 

This  paper  treats  of  the  construction,  application  and  operation  of  apparatus 
used  in  the  artificial  production  and  control  of  atmospheric  conditions  as 
applied  in  various  processes  of  manufacture  and  in  heating  and  ventilation.  A 
general  description  is  given  of  the  various  forms  of  air-conditioning  apparatus 
of  the  spray  type.  The  different  methods  of  controlling  the  humidity  are  con- 
sidered together  with  a  full  description  of  humidity-controlling  and  recording 
devices,  and  full  engineering  data  relative  to  the  design  and  operation  of  air- 
conditioning  apparatus  and  systems  are  presented,  particular  attention  being 
paid  to  the  theory  of  air  cooling  and  dehumidifying  with  cooling  coils.  The 
rate  of  heat  transmission  in  indirect  surface  air  heaters  and  coolers  is  considered 
and  a  new  theory  of  heat  convection  under  forced  circulation  is  developed 
and  established  by  experiment.  A  rational  formula  for  calculating  the  rate 
of  heat  transfer  and  temperature  rise  at  various  air  velocities  and  tempera- 
ture differences  is  given  in  conformance  with  this  experimental  data. 
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AIR-CONDITIONING  APPARATUS 

PRINCIPLES  GOVERNING  ITS  APPLICATION  AND  OPERATION 

By  Willis  H.  Cariiier,  Buffalo,  N.  Y. 

Associate  Member  of  the  Societj' 

and 

Frank  L.  Busey/  Buffalo,  N.  Y. 

Non-Member 

Air  conditioning  is  a  term  which  may  ])e  generally  applied  to  the 
positive  production  and  control  of  desired  atmospheric  conditions 
within  an  enclosure,  with  respect  to  moisture,  temperature  and  pur- 
ity.    Its  particular  concern  is  the  regulation  of  humidity. 

2  The  fundamental  prmciples  underlying  the  art  of  air  con- 
ditioning have  already  been  discussed  in  an  accompanying  paper.^ 
It  is  the  purpose  of  the  present  paper  to  describe  the  apparatus  em- 
ployed and  to  submit  comprehensive  data  relating  to  its  practical 
application  and  operation.  While  much  of  this  material  pertains  to 
humidifying  and  humidity  control,  some  important  original  data 
are  given  on  heat  transmission  by  convection,  which  is  an  important 
factor  in  many  air-conditioning  processes.  Among  these  may  be 
mentioned  the  heating  of  air  by  passing  over  steam  coils;  the  simul- 
taneous heating  and  cooling  of  air,  as  in  a  heat  interchanger  as  em- 
ployed in  dehumidifying;  and  the  dehmnidifying  and  cooling  of  air 
with  surface  condensers.  Upon  these  data  as  a  basis  a  new  theory 
of  heat  transmission  bj^  convection  is  established.  A  rational  for- 
mula is  derived  embracing  both  the  effect  of  velocity  and  tempera- 
ture difference  with  a  correction  for  variation  of  air  density  in  the 
surface  film. 


The  American  Society  of  Mechanical  Engineers,  29  West  39th  Street, 
New  York.     All  papers  are  subject  to  revision. 

'  Engineer,  Experimental  Sta.,  Univ.  of  Illinois. 

2  Rational  Psychrometric  Formulae,  The  Journal,  November  1911,  p.  1309. 
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3  Air-conditioning  apparatus  for  controlling  the  humidity  of 
air  may  be  broadly  classified,  according  to  use,  into  humidifiers  proper, 
wiiich  add  moisture  to  the  air  in  required  amounts;  and  dehumidi- 
fiers,  which  remove  a  variable  quantity  of  moisture  from  the  air  to 
reduce  it  to  the  required  standard.     The  relative  humidity  of  air 


Fig.  1     Air  Washer 

may  also  be  altered,  and  in  a  measure  regulated  simply  by  changing 
its  temperature  without  affecting  its  moisture  contents. 


TYPES  OF  HUMIDIFIERS 


4  Humidifiers  may  be  classified  into  the  spray  and  evaporative 
types,  and  the  latter  being  divided  again  into  direct  and  indirect. 
The  humidity  of  the  air  may  also  be  increased  by  the  direct  intro- 
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duction  of  steam  into  the  air  supply  or  into  the;  room.  Since  the 
total  heat  of  the  vapor  at  atmospheric  temperature  is  somewhat 
less  than  the  total  heat  at  steam  temperature,  this  raises  the  tem- 
perature of  the  air  perceptibly  and  is  therefore  intolerable  in  the 
majority  of  cases.  Added  objections  to  the  direct  use  of  steam  are 
tiiat  it  frequently  gives  a  noticeable  odor  and  that  it  is  difficult  to 


B  -f Flooding  A/ozzk 
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Fig.  2    Air  Washer  with  Humidity  Control 


regulate.     Its  use  is  of  so  little  engineering  interest  or  value  that  it 
need  not  here  be  considered. 

5  The  spray  and  evaporative  types  of  humidifiers  have  a  distinct 
value  aside  from  humidifying  m  their  possession  of  a  cooling  effect 
which  is  in  direct  proportion  to  their  moistening  effect.  The  direct 
spray  type  of  humidifier  is  distinguished  from  the  evaporative  type 
in  that  it  introduces  a  finely  divided  or  atomized  spray  directly  into 
the  room  in  constant  volume,  while  the  evaporative  type  introduces 
only  the  water  vapor.  There  is  also  a  mixed  type  which  discharges 
both  moist  air  and  free  moisture  into  the  room. 
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6  111  what  may  be  termed  the  indirect  evaporative  humidifier 
the  air  is  partly  or  entirely  taken  from  the  outside  and  is  humidified 
and  conditioned  before  it  is  introduced  into  the  room.  In  the  direct 
evaporative  type  the  Avater  vapor  passes  directly  into  the  air  of  the 
room.  The  indirect  system  of  air  conditioning  is  also  termed  the 
central  system. 

7  A  disadvantage  of  the  diriK't  s})ray  type  is  that  it  ahva>'s  intro- 
duces a  fixed  quantity  of  moisture  regardless  of  the  needs  or  condi- 
tion of  the  room  until  it  is  closed  off  by  hand,  or  through  a  separate 
automatic  control.  In  the  evaporative  type,  on  the  contrary,  there 
is  an  inherent  self-regulating  feature  owing  to  the  fact  that  the  rate 
of  evai)oration  is  in  direct  proportion  to  the  moisture  deficit  in  the 
air.  This  is  especially  true  in  the  indirect  evaporative  type,  which, 
with  all  outside  air,  will  maintain  an  absolutely  uniform  relative 
humidity,  other  conditions  remaining  constant. 

8  Since  the  indirect  evaporative  tyj^e  is  cai)able  of  the  greatest 
development  and  widest  application,  and  therefore  is  of  greatest 
engineering  interest,  this  paper  will  be  devoted  largely  to  the  theorj- 
of  operation  of  this  system  and  methods  of  its  application. 

9  Figs.  1  and  2  show  the  type  of  air  purifier  and  humidifier 
adapted  for  use  in  the  ventilation  of  auditoriums,  offices  and  public 
buildings.  Its  primary  object  is  the  removal  of  impurities  from  the 
air,  but  combined  with  this  is  the  very  important  function  of  regula- 
tion of  the  humidity,  when  below  the  minimum  standard.  When 
the  humidity  is  above  the  required  mJnimum  standard  it  is  designed 
to  wash  the  air  without  objectional  increase  in  its  moisture  contents. 
The  essential  features  of  this  type  of  apparatus  are: 

a  A  distributing  plate  for  the  purpose  of  reducing  eddies 
and  distributing  the  air  uniformly  over  the  area  of  the 
washer. 

h  A  system  of  atomizing  sprays  so  arranged  as  to  fill  the  air 
completely  with  water  particles  uniformly  distributed 
over  the  chamber  area. 

c  A  centrifugal  pump  for  maintaining  the  joroper  pressure 
on  the  spray  nozzles. 

d  A  settling  chamber  provided  with  proper  strainers  for  the 
removal  of  dirt  from  the  spray  water. 

e  An  eliminator.  A,  of  proper  construction  and  ample  sur- 
face for  washing  the  air  by  impact  and  centrifugal  force 
and  for  the  removal  of  all  free  moisture  (Fig.  3). 
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Flooding  nozzles,  B,  to  distribute  an  additional  amount 
of  water  on  the  eliminators  to  increase  the  amount  of 
available  wetted  surface,  to  flush  the  eliminators  and 
to  provide  a  means  of  washing  the  air  without  greatly 
affecting  the  humidity. 

Automatic  water  heater,  C,  for  supplying  heat  and  moisture 
to  the  air  through  the  water  spray.  This  may  be  either 
of  the  closed  type  or  of  the  open,  ejector  type. 

Dewpoint  thermostat  at  D,  subject  to  the  temperature 
of  saturation  and  connected  to  motor  valves  control- 
ling the  supply  of  heat  to  the  spray  water. 


Fig.  3     Detail  of  Eliminator  for  Removing  Free  Moisture 


10  Air  is  drawn  through  this  humidifier  by  means  of  a  centri- 
fugal fan  at  a  velocity  of  about  500  ft.  per  minute.  The  tempera- 
ture of  the  air  is  raised  immediately  in  the  humidifier  from  any  out- 
door temperature  to  that  necessary  to  hold  the  desired  amount  of 
moisture,  ordinarily  to  about  40  deg.  fahr. 

11  The  indirect  humidifier  designed  for  industrial  application 
is  shown  in  Figs.  4  and  5.  This  is  intended  primarily  to  deliver 
completely  saturated  air,  even  when  the  saturation  temperature  is 
above  the  minimum  point.  This  condition  of  saturation  and  the 
cooling  effect  are  of  primary  importance;  the  cleaning  effect  being 
usuall}^  of  secondary  consideration.  The  industrial  humidifiers 
differ  from  the  public  building  air  washer  in  the  following  particu- 
lars (Figs.  6  and  7): 
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a  The  centrifugal  atomizing  sprays  are  more  numerous,  and 
operate  at  higher  pressure  to  give  a  more  finely  divided 
mist,  and  discharge  in  the  opposite  direction  to  the  air 
flow. 


Fig.  G     General  View  of  Humidifier 


6  The  distributing  plate  is  replaced  by  a  dijffuser  composed 
of  horizontal  plates  which  serve  also  as  eliminators  to 
prevent  water  from  being  carried  outward  against  the 
air  current. 

c  The  humidifying  chamber  is  longer  in  order  to  give  great- 
er opportunity  for  saturation. 

d  The  eliminator  is  not  as  deep  and  is  not  provided  with 
flooding  nozzles. 
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THE    DEJIUMIDIFIER 

12  In  the  dehuinidifier  (FiRs.  8  and  9)  relatively  cold  spray  water 
is  used  to  condense  the  moisture  out  of  the  air.  This  waicr  is  either 
refrif^erated  or  taken  from  an  artesian  well.  When  the  water  is 
artificially  cooled  the  refrigerating  coils  are  usually  placed  in  a  chamber 
underneath  the  spray  chamber,  and  the  water  is  so  distributed  as 
to  floAv  uniformly  over  the  cold  surface,  dropping  to  the  tank  under- 
n(>ath.  .The  dehumidifier  has  its  sprays  opposed  to  the  direction  of 
nir  fl  rx  as  in  the  humidifier,  but  differs  from  the  latter  in  having  usu- 


FiG.  7    Humidifier  showing  Sprays  in  Operation 

ally  two  sets  of  sprays  in  series  instead  of  one.  Two  or  more  dehumid- 
ifiers  are  frequently  placed  in  series  when  the  range  of  air  tempera- 
ture is  great  or  when  an  economy  of  cooling  water  is  essential. 

ROTARY   STRAINER 

13  Whenever  the  air  handled  by  air-conditioning  apparatus  is 
full  of  impurities,  such  as  lint  in  textile  mill  applications,  the  ordin- 
ary t>T3e  of  strainer  would  require  too  much  attention  and  an  auto- 
matic, self-cleaning  rotary  strainer,  shown  in  Fig.  10,  is  essential. 
This  consists  of  a  fine-mesh  brass  or  copper  screen,  covering  a  cylin- 
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(Irical  drum.  As  this  driiin  rotates  it  is  cleaned  at  the  water  surface 
by  a  revolving  l)rush.  The  use  of  this  strainer  is  of  great  advantage 
in  humidifiers,  since  it  permits  the  use  of  smaller  nozzles  which  give 
a  more  finch-  divided  spray,  with  increased  efficiency. 


Eliminator 
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Supply 


g)      k  ^Seffling  Tank 
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Fig.  8    Sectional   View   of   Dehumidifier 


DEWPOINT  METHOD  OF  HUMIDITY  CONTROL 

14  Any  one  of  the  three  spray  types  of  air  conditioners  pre- 
viously described  are  admirably  adapted  for  humidity  control  by  what 
is  known  as  the  dewpoint  method.  This  system  is  applicable  only 
where  the  absolute  moisture  content  of  the  air  in  the  room  is  unaf- 
fected to  any  great  extent  by  extraneous  sources  of  moisture  supply- 
or  b}'  moisture  absorption.  It  depends  upon  supplying  the  enclosure 
witli  conditioned  air  having  a  definite  dewpoint  and  maintaining  a 
predetermined  relationship  between  this  dewpoint  temperature  and 
the  room  temi)erature.     The  dewpoint  of__^the  air  supply  is  deter- 
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mined  by  saturating  the  air  and  removing  all  free  moisture  at  the 
apparatus  at  a  definite  temperature.  This  dewpomt  will  evident!}' 
remain  constant  regardless  of  subsequent  variations  in  air  tempera- 
ture. It  may  be  shown  that  the  percentage  of  relative  humidity 
in  an  enclosure  is  dependent  upon  the  difference  between  the  dewjDoint 
tem])crature  and  the  room  temperature  and  that  it  is  substantially 
constant  for  any  variation  m  room  temperature  so  long  as  the  differ- 
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ence  between  the  dewpoint  and  room  temperatures  is  maintained 
constant     (Tables  1  and  2). 

15  It  is  evident  that  this  system  is  particularly  adapted  to  ther- 
mostatic control  of  (a)  the  dewpoint  (saturation  temperature  at  the 
apparatus)  and  the  room  temperature  independently;  (6)  of  the  dew 
point  with  reference  to  a  variable  room  temperature;  or  (c)  of  the 
room  temperature  with  reference  to  a  variable  dewpoint  tempera- 
ture.    System  (a)  is  generally  applied  to  air  Avashers  and  humidifiers 
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uiuUn-  winttu-  conditions,  where  the  outsi(ie  temperature  is  consider- 
ably lower  than  the  room  temperature  and  to  dchumidificrs  where 
it  is  possible  to  maintain  a  definite  dewpoint  temperature  throughout 
the  entire  year.  Outlets  in  the  viewpoint  air-conditioning  are  shown 
in  Fig.  11. 

16  However  during  sunmier  conditions  the  saturation  point  at 
the  apparatus  will  frequently  and  unavoidably  be  higher  than  the 
required  minimum  dew  point.     Under  such  variable  temperature 


TABLE  2  HEAT  REQUIRED  TO  CONDITION  1000  CU.  FT.  OF  AIR  (MEASURED  AT 
70  DEG.  FAHR.)  FROM  VARIOUS  ENTERING  WET-BULB  TEMPERATURES  TO  VAR- 
IOUS DEWPOINT  TEMPERATURES 


Wet-Bulb  Tem- 
perature OF 
Entering  Air    i 

At  70  Deg.  F.ihr.,  .30  Per 

Cent  Humidity,  Dewpoint, 

37.25  Deg.  F.^br. 

At  70  Deg.  F.\hr.,  40  Per 

Cent  Humidity,  Dewpoint 

44.5  Deg.  Fahr. 

At  70  Deg.  Farh.  50  Per 
Cent  Humidity,    Dew- 
point  50.5  Deg.  Fahr. 

Sensible 
Heat 

Latent 
Heat 

Total 
Heat 

Sensible 
Heat 

Latent 
Heat 

Total 
Heat 

Sensible 
Heat 

Latent 
Heat 

Total 
Heat 

-10 

856 

338 

1194 

981             471 

1452 

1086 

567 

1653 

0 

673 

311 

984 

802              444      '      1246 

907 

540 

1447 

10 

480 

270 

750 

622              403            1025 

730 

458 

1228 

20 

307      '        203 

510 

443             336             779 

550 

433 

983 

30 

200              100 

300 

263              233              496 

370 

330 

700 

40 

1 

82               96      1        178 

1                  1 

190 

194 

384 

S6.« 

w  0  ja 

m  H  0 

t. «  e 

At  70  Deg.  Fahr. 

Cent  Humidity,  D 

55.3  Deg.  Fai 

,  60  Per 
ewpoint 

HR. 

At  70  Deg.  F.i.hr.,  70  Per 

Cent  Humidity,  Dewpoint 

59.6  Deg.  Fahk. 

At  70  Dbg.  Fahr.,  80  Per 
Cent  Humidity,   Dew- 
point  63.5  Deg.  Fahr. 

Sensible 
Heat 

Latent 
Heat 

Total 
Heat 

Sensible 
Heat 

Latent 
Heat 

Total 
Heat 

Sensible 
Heat 

Latent 
Heat 

Total 
Heat 

-10 

1161 

699 

1860 

1 
1243              801 

2044 

1310 

935 

2245 

0 

991 

672 

1663 

1066             774 

1840 

1131 

908 

2039 

10 

814 

631 

1445 

888      1        733 

1621 

955 

867 

1822 

20 

635 

565 

1200 

710 

667 

1377 

779      1        802 

1581 

30 

457 

463 

920 

532 

565 

1097 

600 

700 

1300 

40 

276 

327 

603 

353 

430 

783 

423 

564 

987 

50 

83 

137 

220 

154 

240 

394 

244 

375 

619 

60 

63              118 

181 

conditions  it  is  necessary  to  control  temperature  with  reference  to 
the  dewTDoint  according  to  system  (c),  and  a  humidifier  is  employed 
to  give  the  air  complete  saturation  under  these  conditions.  One  of 
the  forms  of  differential  thermostats  which  will  be  described  later 
effects  this  control. 
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AUTOMATIC   HmilDITY  CONTROL 

1 7  In  mimy  industrial  installations  where  humidifying  or  dehumid- 
ifying  systems  are  used,  some  means  of  positively  and  accurately 
maintaining  the  proper  temperatures  and  humidities  is  essential. 
While  much  can  be  accomplished  by  hand  regulation,  this  would 
require  the  constant  attention  of  a  highly  skilled  operator,  which 
in  most  instances  is  impracticable.  In  many  processes  of  manufac- 
turing, as,  for  example,  the  weaving  of  silk  and  in  the  conditioning 
of  tobacco  for  the  manufacture  of  cigars,  a  uniformity  of  humidity 


Fig.  10    Rotary  Strainer 

conditions  is  quite  as  essential  as  the  quantity  of  moisture,  as  any 
variation  hi  humidity,  either  above  or  below  a  standard,  reduces  the 
output  and  causes  lack  of  uniformity  in  the  product.  In  many  cases 
a  sensitive  automatic  humidity  control  is  as  important  as  some 
means  of  humidifying.  There  are  three  distinct  methods  by  which 
such  automatic  control  can  be  secured: 

a  By  two  separate  thermostats,  one  of  which,  D,  is  placed 
at  the  humidifier  just  behind  the  eliminator  plates  shown 
at  A  (Fig.  2).  This  controls  the  temperature  of  the 
dewpoint,  by  an  automatically  operating  valve  or  dam- 
per, governing  a  means  of  varying  the  temperature  of 
the  spray  water,  of  the  entering  air,  or  of  both  in 
conjunction.      The    other    thermostat,    placed    in   the 
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room  wliere  the  luiiiiidity  is  controlled,  maintains  a 
constant  room  teini)erature,  either  by  controlling  the 
temperature  of  the  air  entering  the  room,  or  by  control- 
ling some  source  of  heat  within  the  room.  With  these 
two  temi)eratures  maintained  constant,  the  percentage 
of  humidit}^  in  the  room  will  remain  constant,  and  will 
depend  upon  the  difference  between  the  dewpoint  temper- 
ature maintained  at  the  humidifier  and  the  temperature 
maintained  in  the  room,  as  previously  shown  in  Table  1. 

b  By  a  differential  thermostat  either  of  the  form  shown  in 
Fig.  12,  or  as  shoA\Ti  in  Fig.  14.  This  type  of  dewpoint 
control  is  required  wherever  it  is  impracticable  to  main- 
tain either  a  constant  dewpoint  or  a  constant  room  tem- 
perature. In  this  method  there  are  two  elements,  one 
of  wdiich  is  exposed  to  the  dewpoint  temperature,  while 
the  other  is  exposed  to  the  room  temperature.  They 
are  so  connected  that  they  act  conjointly  upon  a  single 
thermostatic  valve  connected  with  operating  motors 
arranged  to  control  the  dewpoint  temperature  in  rela- 
tion to  the  variable  room  temperature,  or  to  control  the 
room  temperature  with  respect  to  the  variable  dewpoint 
temperature. 

c  By  means  of  some  form  of  differential  hygrostat  as  shown 
in  Figs.  17,  21  and  22.  This  controls  the  wet-bulb  tem- 
perature with  respect  to  the  dry-bulb  temperature,  so  as 
to  mamtam  a  constant  relative  humidity  without  regard 
to  the  dewpoint  or  variation  in  room  temperature. 

DEWPOINT   THERMOSTAT 

18  The  type  of  thermostat  usually  employed  in  maintaining 
a  constant  dewpoint  is  shown  in  Fig.  12.  This  consists  of  an  outer 
expansive  member  A,  usually  brass,  and  an  imier  non-expansive 
member  B  of  nickel  steel.  These  two  members  are  firmly  connected 
at  the  end  C.  The  other  end  of  the  inner  member  B  is  provided  with 
a  bronze  valve  D,  ground  to  fit  the  adjustable  valve  seat  E,  supported 
by  the  member  A.  Compressed  air  is  admitted  through  the  con- 
nection F  to  the  annular  chamber  G  between  the  inner  and  outer 
tubes.  As  the  outer  member  expands  the  valve  D  recedes  from  its 
seat,  allowing  the  compressed  air  to  escape  into  the  outlet  connec- 
tion H,  which  connects  Avith  the  diaphragm  valve  controlling  the 
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temperature  of  the  spray  water,  so  as  to  reduce  the  temperature  of 
the  dewpoint.  When  the  (hnvpoint  tcnnperature  falls  below  the  point 
desired,  the  outer  member  contracts,  closing  off  the  air  sujipl}'-  to  the 


Fig.  13    Metallic  Differential  Thermostat 


diaphragm  valve,  connected  to  H,  and  the  air  pressure  to  the  dia- 
phragm motor  is  released  through  the  adjustable  vent  J.  This 
vent  allows  an  air  leak  varying  with  the  pressure  on  the  diaphragm 
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motor.     TluT(>fore  the  relation  of  the  area  of  opening  through  the 
valve  D-E,  to  the  constant  area  of  the  vent  opening  ,7,  determines 

■Sampling  Tube 
-Asbestos  Air  Ceir 
'Air  drswn  from  Room 
Air  Space 
^A^besfos  Air  Cell 
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to 


Fig.  14    Sampling  Tube  of  Differential  Thermostat 

the  graduated  pressure  on  the  diaphragm  motor,  at  any  instant. 
This  is  found  in  practice  to  give  a  very  sensitive  as  well  as  positive 
control. 
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METALLIC    DIFFERENTIAL   THERMOSTAT 

19  The  differential  thermostat  shown  in  Fig.  13,  resembles  the 
clewpoint  thermostat  in  many  features  of  construction,  except  that 
it  consists  of  two  expansible  members  operating  conjointly,  instead 
of  one.  The  outer  member  A  is  subjected  to  the  dewpoint  tempera- 
ture at  the  humidifier,  while  the  inner  member  B  is  subjected  to  a 
strong  current  of  air  drawn  from  the  room  to  be  conditioned  by  means 
of  an  aspirator  or  fan,  through  an  insulated  tube.  The  two  members 
are  insulated  from  each  other  bj^  an  annular  space  C,  filled  with  min- 
eral wool.  These  two  members  are  connected  at  the  base  P  and  act 
conjointly  upoix  the  double-ported  valve,  D-E.  Compressed  air  is 
admitted  to  the  chamber  M  through  the  connection  F,  and  passes 
through  the  valve  E  to  the  chamber  J,  which  is  joined  by  the  connec- 
tion G  to  the  diaphragm  motor  closing  off  the  supply  of  heat  to 
the  spray  water.  Whenever  the  difference  between  the  dewpoint 
and  the  room  temperature  is  greater  than  that  for  which  the 
instrument  is  adjusted,  by  means  of  the  dial,  the  outer  member  A 
contracts  with  reference  to  the  inner  member  B.  This  closes  the 
port  E,  cutting  off  from  the  chamber  /  the  supply  of  compressed  air, 
simultaneously  opening  the  port  D,  and  allowing  the  air  to  escape 
from  the  diaphragm  valve,  which  then  operates  to  raise  the  tempera- 
ture of  the  spray  water. 

20  The  means  employed  for  bringing  the  sample  of  air  from  the 
room  to  the  thermostat  is  shown  in  Fig.  14.  The  sample  of  air 
is  drawn  through  the  insulated  inner  tube,  while  room  air  is  also 
drawn  through  the  annular  space  between  this  insulation  and  the 
outer  pipe  by  means  of  a  fan  draft.  This  outer  tube  is  also  insulated 
outside  of  the  room.  The  sampling  tube  usually  connects  with  the 
thermostat  at  H,  while  the  aspirator  is  connected  at  7. 

FLUID    DIFFERENTIAL    THERMOSTAT 

21  This  type  of  differential  thermostat  (Fig.  15)  is  adapted  for 
u-;e  where  there  are  several  floors  to  be  controlled  independently  and 
conditioned  from  a  central  apparatus.  The  dewpoint  member  and 
room  meml)er  each  consist  of  hermetically  sealed  chambers  filled 
with  air  or  other  fluid  under  pressure.  The  air  or  fluid  in  either  of 
these  memlxn's  will  tend  to  expand  and  will  increase  the  pressure,  with 
constant  volume,  in  direct  proportion  to  the  increase  of  temperature. 
The  press\ire  in  the  dewpoint  member,  B,  is  conveyed  either  directly 
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or  proportionately  to  the  diaphragm  E  of  the  differential  thermostat 
C,  through  the  differential  relay  D  and  comiecting  tube  H.  The 
room  member  A,  which  has  an  adjustable  bulb  /,  connects  through 
tube  K  to  diaphragm  F  of  the  differential  thermostat.  The  pressures 
or  proportionate  pressures  in  these  two  elements  are  thus  opposed  to 
each  other  through  the  lever  N.  Any  unbalancing  of  pressures  oper- 
ates the  valve  G,  which  is  shown  in  detail  in  Fig.  16.  So  long  as  the 
temperature  difference  between  the  dewpoint  temperature  at  the 
apparatus  and  the  room  temperature  remains  constant,  the  pressures 
on  the  diaphragms  E  and  F  will  remain  balanced  and  no  movement  of 


Fig.  16    Construction  of  Thermostatic  Valve 


the  valve  G  will  take  place.  If,  however,  an  excess  of  moist  air  is 
admitted  to  the  room,  until  its  temperature  is  reduced  to  a  point 
where  the  difference  between  it  and  the  dewpoint  temperature  is 
less  than  the  predetermined  amount,  the  pressure  on  the  diaphragm 
F  will  be  less  than  the  pressure  on  diaphragm  E.  This  will  permit 
the  valve  G  to  operate,  bringing  pressure  on  damper  motor  L  and 
closing  the  damper  M,  cutting  off  the  supply  of  cool  moist  air. 

22  Adjustable  bulb  J,  exposed  to  the  room  temperature  and  pro- 
vided with  a  dial,  permits  the  thermostat  to  be  adjused  for  any  desired 
difference  between  dewjDoint  temperature  and  room  temperature, 
and  consequently  for  any  percentage  of  relative  humidity  regardless 
of  variation  in  room  temperature. 
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23  The  construction  of  the  thermostatic  valves  G  and  G'  is  shown 
in  Fig.  16.  Compressed  air  is  athuitted  at  A  tla-ougli  filter  F 
into  the  restriction  chamber  G,  and  also  in  a  constant  amount  through 
restriction  into  chamber  E,  connecting  in  case  of  the  differential 


lb  Diaphragm  . 
Motor  (o 


Fig.    17    Carrier   Differential  Hygrostat 


relay  with  diaphragm  E,  of  the  differential  thermostat,  and  in  case 
of  the  differential  thermostat,  with  the  diaphragm  motor  controlling 
damper  M.  Upon  the  lower  side  of  the  diaphragm  lever  D  is  a  uni- 
formly ground  and  polished  surface  D'  which  approaches  or  recedes 
from  the  nozzle  C  as  the  pressure  on  one  diaphragm  overcomes  that 
on  the  other,  increasing  or  decreasing  the  pressure  in  E  correspondingly. 
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DIFFERENTIAL   HYGROSTAT 

24  111  many  instances  the  dewpoint  system  of  Immidity  control 
cannot  be  applied  to  advantage.  In  such  cases  a  differential  hygro- 
stat  may  be  employed.  The  differential  hygrostat  (Figs.  17  and 
18)  consists  of  two  members,  one  of  which  is  subjected  to  the  dry-bulb 
temperature  of  the  room,  while  the  other  is  subjected  to  the  wet-bulb 
temperature.  The  expansive  dry-bulb  member  A,  and  the  wet-bulb 
member  A',  of  hard  rubber  tube,  connected  by  levers  F  and  G,  oper- 
ate conjointly  the  valve   lever  E.     Valve  D  and  restriction  B  are 


Fig.  18    Carrier  Differential  Hygrostat 

similar  in  construction  to  the  valve  shown  in  Fig.  16  and  operate  in 
the  same  way.  As  will  be  seen  from  Figs.  19  and  20,  the  difference 
between  the  dry  and  wet-bulb  temperature  for  a  given  per  cent  of 
humidity  is  not  constant  at  different  dry-bulb  temperatures,  i.e., 
a  constant  difference  maintained  between  dry  and  wet-bulb  temper- 
atures would  not  result  in  a  constant  percent  of  humidity  during  this 
change.  For  instance,  with  50  per  cent  of  humidity  at  a  dry-bulb 
temperature  of  70  deg.  the  wet-bulb  temperature  is  58.42  deg.,  a  differ- 
ence of  1 1 .58  deg.     At  80  deg.  the  wet-bulb  temperature  is  66.65  deg., 
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or  a  difference  of  13.35  deg.  Thus  it  will  bo  seen  that  the  dry-bulb  tem- 
perature has  risen  10  deg.,  while  the  wet-bulb  has  risen  but  8.23  deg., 
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Figs.  19  and  20    Relation  between  Wet  and  Dry-Bulb  Temperature  for 
Different  Relative  Humidities 


a  difference  of  1.77  deg.     To  compensate  for  this  difference  a  change 
of  leverage  is  effected,  as  indicated  by  graduations  on  lever  G.     An 
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adjustment  H  permits  of  regulation  to  any  desired  humidity.  As 
sho\Aai  in  sectional  view,  a  wick  L'  covers  A',  being  moistened  by 
water  held  in  chamber  M.  A  sufficient  current  of  room  air  is  drawn 
by  means  of  an  aspirator  K,  over  A'  through  chamber  /. 


Fig.  21     Improved  Form  of  Carrier  Differential  Hyghostat 


25  An  improved  form  is  shown  in  Fig.  21.  It  differs  essentially 
in  three  features:  (a)  the  air  current  is  drawn  over  both  expansive 
meni]:)ers;  (5)  the  action  of  a  portion  of  the  expansive  member,  A, 
i:  cut  out  in  the  adjustment  instead  of  its  action  being  decreased  by  a 
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change  of  leverage;  (c)  the  unique  feature  of  this  form  is  that  it  re- 
quires but  one  adjustment.  A  differential  thread  is  used,  making  it 
a  compound  adjustment.  The  pitch  of  the  thread  D,m  A,  is  greater 
than  the  pitch  of  the  thread  on  the  adjusting  screw.  As  the  screw 
moves  along  to  shorten  A,  sufficient  to  compensate  for  change 
of  difference  of  dry  and  wet-bulb  temperatures  for  varying  dry-bulb 
temperature,  as  shown  by  graduations    A  and  A'  acting  conjointly 


Fig.  22    Vapor  Pressure  Hygrostat 


through  rocker  arm  B  are  carried  back,  so  adjusting  lever  G,  as  to 
maintain  the  humiditj^  for  which  the  indicator  is  set. 

26  Vapor  Pressure  Hygrostat.  Fig.  22  shows  an  improved  form 
of  hygrostat  operated  by  the  relative  pressures  of  a  volatile  liquid 
subjected  to  the  wet  and  dry-bulb  temperatures.  These  vapor 
pressures  act  through  suitable  diaphragms  upon  a  common  lever 
at  variable  distances  from  the  fulcrum.  Referring  to  Fig.  22,  A  is 
the  dry-bulb  member.  A'  the  wet-bulb  member,^  covered  with  a 
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wick  or  absorbent  material  and  moistened  by  anatomized  spray  pro- 
duced by  the  atomizing  nozzle  M  (Fig.  22,  shown  in  detail  in  Fig.  23). 
A  current  of  air  is  dra^vn  over  both  the  drj^  and  wet  bulbs  by  means 
of  the  aspirator,  as  shown  in  sectional  view  (Fig.  22) .  The  vapor 
pressures  in  these  bulbs  are  conducted  to  the  corresponding  diaphragms 
by  means  of  tubes.  Diaphragm  B'  is  connected  with  the  wet  bulb  A', 
and  the  diaphragm  B  connects  with  the  dry  bulb  A .  The  diaphragm 
B'  acts  upward  on  the  lever  G  through  the  link  H,  while  the  diaphragm 
B  acts  downward  at  point  G,  between  the  link  H  and  the  fulcrum  F. 
Fulcrum  7^,  consists  of  a  hardened  steel  ball  having  a  rolling  contact 
with  the  lever  G,  and  the  adjusting  bar  E.  The  adjusting  bar  E  is 
moved  by  a  rack  and  pinion  D-L.  The  scale  in  per  cent  of  humidity 
is  attached  to  the  lever  G,  while  the  pointer  is  carried  on  the  adjusting 
bar  E  and  therefore  moves  proportionally  with  the  fulcrmn.     Any 


Fig.  23    Construction  of  Atomizer  used  in  Carrier  Vapor  Pressure 

Hygrostat 


adjustment  of  F  changes  the  relative  leverage  of  B  and  B';  so  that 
by  adjustment  of  it  any  ratio  of  leverage  may  be  secured.  Any 
movement  of  the  lever  G  operates  the  balanced  thermostatic  valve 
C,  which  controls  the  source  of  humidification.  The  particular 
fluid  adapted  for  use  in  this  type  of  instrument  is  sulphur  dioxide, 
the  temperature  pressure  properties  of  which  are  remarkably  adapted 
to  this  purpose,  as  shown  in  Table  3  and  Fig.  24.  The  ratio  of  sul- 
phur dioxide  pressures  corresponding  to  wet  and  dry-bulb  tempera- 
tures is  substantially  constant  at  any  per  cent  of  humidity  for  any 
range  of  dry-bulb  temperatures  between  60  and  100  deg.  This  makes 
it  possible  to  oppose  the  pressures  at  any  desired  ratio  corresponding 
to  the  required  per  cent  of  humidity,  where  it  will  control  throughout 
any  range  of  dry-bulb  temperatures. 

27  Recording  Hygrometer.  The  same  principle  is  applied  to  great 
advantage  in  the  recording  hygrometer  sho^Ti  in  Fig.  25.  In  this 
Ave  have  dry  bulb  A  and  wet  bulb  A'  connected  respectively  to  dia- 


ico-i 

■SO 

^ 

~Qi 

GO 

/ 

/ 

/^ 

y 

/ 

A 

/. 

/ 

/^ 

y 

50 

/ 

/ 

y 

^y 

y 

y 

/ 

/ 

y. 

X 

Ci 

g40 

3 

/ 

/^ 

y. 

^/ 

/ 

^ 

^ 

y 

t 

ro.'2o 

100" 

2 
o30 

3 
C3 

/ 

f^ 

^ 

K 

Ka 

^7 

(>i.3 
95" 

3 

/. 

^ 

^ 

30.84 

90" 

A 

^ 

^ 

n 

43.20 

35" 

A 

^ 

!^"i 

39 

94  ^"^ 

5" 

10 

r- 

n 

3( 
3  28" 
60" 

50  ' 

0" 

A 

t 

/ 

30^ 


10 


20 


30 


60 


ro 


80 


Fig.  24 


40  50 

Dry-Bulb  Pressure 

PSYCHROMETRIC  WeT   AND   DrY-BuLB   TEMPERATURES   FOR   VARIOUS 

Percentages  of  Humidity 


TABLES  RELATIVE  PRESSURES  OF  SULPHUR  DIOXIDE  VAPOR  CORRESPOND- 
ING TO  PSYCHROMETRIC  W^ET  AND  DRY-BULB  TEMPERATURES  FOR  VARIOUS 
PERCENTAGES  OF  HUMIDITY 


5 

2, 

50  Per  Cent 

60  Per  Cent 

70  Per  Cent 

80  Per  Cent 

03     . 

1    i     " 

k    . 

"S 

A   . 

8 

« 

^ 

^ 

jjja 

03 

3 

3 

^^ 

a 

e'3 

o    '    ix 

S'^ 

C 

?rr^ 

C3 

O 

S 

3 

H  to 

easure  ( 

of    Pre 
5  Lb. 

3 

S 

3 

aa 

3    . 

2 

3 

o 
P4 

3 

*^^ 

Ph 

W  p 

PL, 

.9^ 

ffl    !U 

Ph 

°c>i 

«£ 

PM 

0"3 

P^f. 

Ph 

°N 

Q 

—  3 

.i    5 

-i  3 

^  3 

o 

a, 

r 

§ 

^' 

^" 

o 

;§' 

r 

g 

(§7 

o 

02 

^' 

60 

26.2'5 

50.24 

18.90 

0.6863 

52.28 

20.35 

0.7479 

54.30 

21.80 

0.8096 

56.28 

23.30 

0.8733 

65 

30.50 

54.32 

21.85   0.6863 

56.54 

23.55 

0.7495 

58.81 

25.35 

0.8144 

61.05 

27.10 

0.8775 

70 

35.05 

58.42 

24.95 

0.6873 

60.86 

26.95 

0.7489 

63.22 

28.95 

0.8111 

65.63 

31.050.8761 

75 

39.94 

62.53 

28.35 

0.6883 

65.22 

30.65 

0.7502 

67.80 

33.00 

0.8134 

70.34 

35.350.8766 

80 

45.20 

66.65 

31.95 

0.6878 

69.58 

34.60 

0.7503 

72.39 

37.35 

0.8151 

75.07 

39.950.8762 

85 

50.84 

70.72 

35.75 

0.6862 

73.95 

38.85 

0.7507 

77.00 

41.95 

0.8151 

79.72 

44.850.8754 

90 

56  87 

74.89 

39.80 

0.6846 

78.32 

43.35 

0.7502 

81.61 

46.90 

0.8158 

84.50 

50.150.8758 

95 

63.32 

79.01 

44.15 

0.6835 

82.72 

48.20 

0.7503 

86.04 

52.05 

0.8139 

89.21 

55.85  0.8767 

100 

70.20 

83.33 

48.80 

0.6827 

87.07 

53.20 

0.7479 

90.64 

57.65 

0.8139 

94.00 

61.95 

0.8777 

1642 


AIR   CONDITIONING   APPARATUS 


Fig.  25    Mechanism  of  Carrikr  Recording  Hygrometer 
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phragins  B  and  B',  which  act  through  the  links,  D  and  Z)',  upon  the 
levers  C  and  C,  which  act  upon  ball-bearing  fulcrmns  F  and  F'. 
The  relative  forces  are  transmitted  from  the  levers  C  and  C"  through 
the  links  E  and  E'  to  the  rocker  arm  G,  which  is  firmly  supported  by 
minute  ball  bearings.  To  the  rocker  arm  G,  is  connected  the  record- 
ing pen  H.  By  referring  to  Table  3  and  Fig.  24,  it  will  be  seen  that 
any  per  cent  of  humidity  may  be  represented  at  all  temperatures  by 


Fig.  26    Leverage  Diagram  of  Carrier  Recording  Hygrometer 


a  pressure  ratio.  The  rocker  arm  G  acts  as  an  evener.  When  it  is  acted 
upon  by  the  stronger  force  of  the  dry  bulb  through  the  link  E,  it 
rotates  toward  C,  decreasing  the  leverage  of  E  and  increasing  the 
leverage  of  E',  until  the  two  moments  are  exactly  balanced  as  shown 
in  diagram  Fig.  26.  The  angular  deflection  of  the  rocker  arm  will 
then  indicate  the  ratio  of  pressures  in  the  diaphragms  B  and  B'. 
Therefore  the  angular  deflection  is  constant  for  any  percentage  of 
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humidity  regardless  of  temperature  variations.  The  spring  /  has 
an  important  function  as  a  compensator,  both  for  the  small  pressure 
subtractions  required  to  obtain  an  exact  ratio,  and  for  the  slight  resis- 
tance of  the  diaphragms  B  and  B'.  The  latter  compensation  while 
exceedingly  simple  is  effectual  and  complete,  allowing  for  any  amount 
of  diaphragm  resistance.  This  permits  the  instrument  to  give  per- 
fect indications  regardless  of  the  temperature  variations,  or  the  weight 
of  the  material  used  in  the  construction  of  the  diaphragms. 

ELEMENTS   OF  DESIGN   OF  HUMIDIFIERS  AND   OF    AIR-CONDI- 
TIONING SYSTEMS 

28  The  degree  of  saturation  of  the  air  leaving  any  type  of  air 
washer  depends  upon  the  intimacy  of  the  contact  of  the  air  and  water, 
and  upon  the  relation  of  the  water  temperature  to  the  wet-bulb 
temperature  of  the  entering  air.  It  also  depends  to  some  degree 
upon  the  length  of  the  spray  chamber  as  well  as  upon  the  velocity 
of  the  air  passing  through  it.  With  the  centrifugal  type  of  spray 
nozzles  the  water  pressure  is  a  most  important  element  affecting  the 
degree  of  saturation.  Fig.  27  shows  the  humidifying  effect  secured 
with  various  velocities  and  at  different  pressures  on  the  spray  nozzle, 
in  a  standard  humidifier  having  four  ^-in.  orifice  centrifugal  spray 
nozzles  per  sq.  ft.  These  data  were  obtained  from  a  test  in  which 
the  wet-bulb  depression  of  the  entering  air  was  maintained  constant 
at  16  deg.  It  will  be  noted  that  an  increase  of  2|  lb.  per  sq.  in.  in 
the  spray  pressure  permitted  a  greatly  increased  velocity  with  per- 
fect saturation,  an  effect  which  was  undoubtedly  due  to  the  increased 
fineness  of  the  spray  rather  than  to  the  increase  in  the  amount  of  water 
discharged.  In  this  test,  as  in  all  standard  humidifiers,  the  water 
was  discharged  in  the  direction  opposite  the  air  flow,  which  greatly 
increased  the  efficiency  of  saturation. 

29  When  the  spray  water  is  recirculated  without  heating  as  in 
warm  weather,  it  remains  at  all  times  substantially  at  the  wet- 
bulb  temperature  of  the  entering  air  while  the  wet-bulb  tempera- 
ture of  the  air  leaving  the  washer  or  humidifier  is  unchanged. 
Therefore  it  follows,  in  conformance  with  the  theory,  that  when  the 
air  is  completely  saturated  as  in  the  humidifier  the  air  is  cooled  to 
the  wet-bulb  temperature  of  the  incoming  air.  This  cooling  effect 
is  due  to  the  transformation  of  sensible  heat  into  latent  heat  of  evap- 
oration and  is  therefore  in  direct  proportion  to  the  moisture  added 
to  the  air.     The  wet-bulb  depression  in  atmospheric  air  averages 
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from  12  to  15  dog.  in  siiminer,  while  occasionally  a  depression  of  20 
to  30  deg.  is  found  in  extremely  hot  and  dry  weather.  In  every  case 
the  humidifier  will  cool  the  incoming  air  a  corresponding  number  of 
degrees. 

30  When  saturation  is  incomplete,  as  in  the  ordinary  air  washer, 
the  wet-bulb  depression  of  the  air  leaving  the  washer  is  found  to  be  a 
constant  percentage  of  the  initial  wet-bulb  depression,  when  the  air 
velocity  remains  constant. 
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Fig.  27    Effect  of  Spray  Pressure  and  Air  Velocity  upon  the  Degree 
OF  Saturation.     Initial  Wet-Bulb  Depression  =  16  Deg.  Fahr. 


31  It  also  follows  that  the  cooling  effect  is  a  constant  percentage 
of  the  initial  wet-bulb  depression.  This  may  be  expressed  by  the 
formulae 


t2-t' 
h-t' 
k-h 
tx  -  t' 


=  R 


l-R=E. 


[1] 
[2] 


where 


f'  =  constant  wet-bulb  temperature 
ii= temperature  of  air  entering  washer 
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<2  =  temperature  of  air  leaving  washer 

72  =  constant  ratio  depending  upon  intimacy  of  contact,  air 

velocity,  etc. 
\  —  R  =  E  =  efficiency  of  saturation 

POWER    REQUIRED    FOR    OPERATING    HUMIDIFIERS 

32  Table  4  exhibits  the  power  required  to  saturate  1000  cu.  ft. 
of  air  per  minute  at  various  velocities.  This  is  based  on  overcoming 
the  resistance  of  the  humidifier,  using  a  fan  with  a  static  efficiency 
of  45  per  cent,  a  fair  value. 

TABLE    4      ifesiSTANCE    OF    CARRIER    HUMIDIFIERS    AND    HORSEPOWER 
REQUIRED  TO  HUMIDIFY  1000  CU.  FT.  OF  AIR 


Velocity  through 
Spray  Chamber 
in  Ft.  per  Min. 

Resistance   in 
In.  of  Water 

Resistance   in 
1  Oz.  per  Sq.  In. 

Horsepower  to 
Move  loot)  Cu. 
Ft.  Air  per  Mln. 
At  45  Per  Cent 
Fan  Efficiency 

Horsepower  for 

Spray  per  1000 

Cu.  Ft.  of  Air 

(A  Orifice 

Nozzle) 

Total  Horse- 
power Required 
per  1000  Cu.  Ft. 
of  Air 

350 

0.112 

0.0647 

0.0391 

0.1408 

0.1799 

400 

0.147 

0.0850 

0.0513 

0.1231 

0.1744 

450 

0.186 

0.1075 

0.0652 

0.1095 

0.1747 

500 

0.229 

0.1322 

0.0800 

0.0985 

0.1785 

550 

0.277 

0.1600 

0.0968 

0.0897 

0.1865 

600 

0.330 

'          0.1906 

0.1150 

0.0822 

0.1972 

650 

0.387 

0.2240 

0.1350 

0.0758 

0.2108 

700 

0.450 

0.2600 

0.1570 

0.0704 

0.2274 

750 

0.516 

0.2990 

0.1810 

0.0658 

0.2468 

33  This  does  not  include  the  power  required  to  overcome  the 
resistance  of  the  ducts,  which  varies  considerably,  but  which  should 
not  exceed  that  required  for  the  humidifier.  The  resistance  of  the 
heating  coils  is  not  considered,  because  in  summer  when  the  largest 
supply  of  air  is  usually  required  the  air  is  by-passed  around  the 
heaters,  while  in  winter  the  requirements  are  so  much  smaller  that 
the  total  horsepower  is  greatly  reduced  and  the  total  resistance  is  but 
slightly  increased. 

34  The  power  required  to  pump  the  water  is  based  on  the  use  of 
centrifugal  pumps  giving  55  per  cent  efficiency  and  using  rg'-in.  ori- 
fice nozzles  with  rotary  self-cleaning  strainers. 


RELATION  OF  COOLING  EFFECT  TO  PERCENTAGE  OF  RELATIVE  HUMIDITY 

35  In  the  moist  air  system  of  humidifying  it  is  evidently  essen- 
tial, as  sho"\\ai  in  Table  1,  that  the  difference  between  the  dewpoint 
temperature    of    the    incoming    air    and    the    room    temperature 
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shall  not  exceed  a  predetermined  value  depending  upon  the  per- 
centage of  humidity  to  be  maintained.  The  minimum  temperature 
at  which  air  can  be  introduced  is  evidently  the  dewpoint  or 
saturation  temperature  at  the  apparatus.  This  permissible  temper- 
ature rise  limits  the  possible  cooling  effect  to  be  obtained  from 
each  cubic  foot  of  air  as  shown  in  Table  5.  This  relationship  is  of 
primary  importance  in  the  design  of  the  humidifying  system  and  the 
disregard  of  it  has  been  the  chief  cause  of  failure  or  of  unsatisfactory 
operation. 

36  In  the  majority  of  industrial  applications  the  problem  during 
warm  weather,  and  in  some  instances  throughout  the  entire  year,  is 
as  much  a  question  of  cooling  as  of  humidifying.     Indeed,  in  the 


TABLE  5    COOLING  CAPACITY  OF  CARRIER  HUMIDIFYING  SYSTEM 


Per  Cent  Humklity  In  Room 


Difference  between  Dewpoint 
and  Room  Temperature 


Cu.  Ft.  of  Air  at  70  Deg.  Fahr. 
Required  per  B.t.u.  Cooling 

Effect 


SO 
55 
60 
65 
70 
75 
80 


2.71 
3.n 
3.63 
4,31 
5.10 
6.27 
8.11 


moist  air  system,  as  has  just  been  shown,  one  is  dependent  on  the 
other.  In  eveiy  industrial  air-conditioning  plant  there  are  four  sour- 
ces of  heat  which  must  be  taken  into  account  m  the  design  of  the  sys- 
tem: 

a  Radiation  from  the  outside  owing  to  the  maintainence  of  a 
lower  temperature  inside.  At  ordinary  humidities  this 
is  negligible,  but  at  high  humidities  and  in  dehumidifying 
plants  it  is  an  important  factor,  owmg  to  the  increased 
temperature  difference.  This  may  be  calculated  from 
the  usual  constants  of  radiation. 
h  The  heating  effect  of  direct  sunlight.  This  is  especially 
noticeable  from  window  shades  and  exposed  wmdow^s  and 
skylights  where  the  entire  heat  energy  of  the  sunlight  is 
admitted  to  the  room,  and  from  the  roof  which  consti- 
tutes the  greater  amomit  of  sunlight  exposure  and  which 
in  the  ordmary  construction  transmits  heat  much  more 
readily  than  the  walls.     Precautions  should  be  taken 
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where  high  humidities  are  desired  to  shade  exposed  Avin- 
dows  and  to  insulate  the  roof  thoroughly.  Ventilators 
in  the  roof  are  of  great  advantage  in  removing  the  hot 
layer  of  air  next  it  and  those  of  ample  capacity  should 
always  be  provided. 

The  radiation  of  heat  from  the  bodies  of  the  operatives. 
This  amounts  to  about  400  to  500  B.t.u.  per  operative, 
about  one-half  of  which  is  sensible  heat,  the  other  half 
being  transformed  into  latent  heat  through  evaporation. 

The  heat  developed  by  power  consumed  in  driving  the 
machinery  and  in  the  manufacturing  processes  in  general. 
According  to  the  laws  of  conservation  of  energy,  all  power 
used  in  manufacturing  is  ultimately  converted  entirely 


TABLE  6  POSSIBLE  ROOM  TEMPERATURES  OBTAINABLE  IN  CARRIER  SYS- 
TEM OF  HUMIDIFYING,  AT  VARIOUS  OUTSIDE  WET-BULB  TEMPERATURES 
AND  VARIOUS  PERCENTAGES  OF  HUMIDITY  IN  THE  ROOM 


Outside 

Wet-Bulb 

Temperature 

Percentage  Humidity  in  Room 

55 

60 

65 

70 

75 

80 
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59.8 

57.7 

56.0 

55 
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69.6 

67.5 
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61.1 

60 
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72.5 
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65 

82.8 

80.2 

77.6 
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71.6 

70 

87.2 

85.6 

83.1 

80.0 

78.7 

76.7 

75 

93.7 

90.8 

87.3 

85.9 

83.9 

81.9 

80 

99.1 

96.2 

93.4 

91.2 

89.0 

87.0 

into  its  heat  equivalent.  Each  horsepower  of  energy 
therefore  creates  42|  B.t.u.  of  heat  per  minute  which 
must  be  cared  for  by  ventilation.  In  high-powered  mills 
this  is  the  chief  source  of  heating  and  is  frequently  suffi- 
cient to  overheat  the  building  even  in  zero  weather,  thus 
requiring  cooling  by  ventilation  the  year  round. 

RELATION  OF  ROOM  TEMPERATURE  TO  OUTSIDE  WET-BULB  TEMPERATURE 

37  During  cool  weather  the  dewpoint  or  saturation  temperature 
at  the  apparatus  is  secured  and  controlled  artificially  at  whatever 
point  required.  During  warm  weather,  however,  it  is  impossible 
during  the  greater  part  of  the  time  to  obtain  as  low  a  dewpoint  as 
desired  without  refrigeration,  which  in  the  majority  of  cases  of  humid- 
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ifyino-  is  impracticable.  The  lowest  saturation  temperature  that  can 
be  obtained  is  the  same  as  the  outside  wet-bulb  temperature,  as  has 
been  shown.  Therefore,  the  dewpoint  in  the  room  will  always  be 
the  same  as  the  outside  wet-bull)  tem})erature.  Since  the  difference 
between  the  dewpomt  and  the  room  temperature  is  dependent  upon 
the  percentage  of  relative  humidity  maintained,  the  minimum  room 
temperature  and  the  percentage  of  humidity  required  in  the  enclosure 
will  be  as  shown  in  Table  6.  It  will  be  noted  that  the  higher  the 
humidity  carried,  the  lower  the  room  temperature  may  be  kept. 


TABLE  7  B.  T.U.  REFRIGERATION  REQUIRED  TO  COOL  1000  CU.  FT.  OF  AIR 
(MEASURED  AT  70  DEG.)  FROM  A  GIVEN  WET-BULB  TEMPERATURE  TO  A 
GIVTSN  DEWPOINT 
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ELEMENTS  OF  DESIGN  OF  SPRAY  TYPE  OF  DEHUMIDIFIERS 

38  Dehumidifiers  may  be  of  the  spray  type  previously  described 
or  of  the  surface  type.  A  knowledge  of  the  relation  of  water  temper- 
ature to  the  leaving  air  temperature  in  either  type  is  essential.  In 
the  spray  type  of  one  stage  having  two  banks  of  opposed  nozzles,  the 
air  temperature  leaving  is  practically  identical  with  the  temperature 
of  the  leaving  water,  the  difference  never  exceeding  1  deg.  in  a  prop- 
erly designed  apparatus.  The  air  will  always  be  saturated  when 
leaving  and  under  some  conditions  there  is  a  slight  tendency  to  en- 
trainment  even  after  thorough  elimination. 

39  The  degree  of  entrainment  is  dependent  upon  the  range  of 
temperature  of  both  the  air  and  the  water.  In  general  the  smaller 
the  temperature  range,  the  greater  the  tendency  is  to  moisture 
entrainment  or  supers  aturation.     This  may  be   reduced  where   a 
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considerable  lowering  of  air  temperature  is  required  by  passing  it 
successively  through  two  or  more  dehumidifiers  in  series.  When 
the  system  is  properly  designed  the  cntrainment  should  not  be 
sufficient  to  raise  the  true  dewpoint  temperature  more  than  1  deg. 

REFRIGERATION    REQUIRED    FOR    DEHUMIDIFYING 

40  The  heat  to  be  removed  in  cooling  a  known  weight  of  air  from 
a  given  temperature  and  moisture  content  to  a  given  dewpoint  tem- 
perature is  evidently  the  difference  of  the  total  heat  quantities  con- 
tained in  the  air  under  these  respective  conditions.  These  values 
of  total  heat  are  given  in  Figs.  1  and  2  of  the  accompanying  paper  on 
national  Psychrometric  Formulae. ^  It  is  there  shown  that  the  total 
of  latent  and  specific  heat  in  1  lb.  of  pure  air  is  dependent  upon  the 
wet-bulb  temperature  only.  Table  7  shows  the  amount  of  refriger- 
ation required  to  cool  and  dehumidify  1000  cu.  ft.  of  air  between 
\'arious  given  wet-bulb  temperatures  and  final  dewpoints. 

41  The  amount  of  water  required  to  cool  air  in  a  one-stage  spray 
sj^stem  dehumidifier  may  be  calculated  from  the  foregoing  data 
as  follows: 

W(t^-t2)  =  N{H,-H,)  =  N(t\-t2)  ^r [3] 

W  =  N  i^^^)=^N  (^^^^ [4] 

V  ^w-/2  /  \tw-tj  At' 

where 

IF  =  weight  of  water  in  lb. 

A^  =  weight  of  air  in  lb. 

^vv  =  initial  water  temperature 

t'l  =  initial  wet-bulb  temperature  of  air 

^2   =  final  dewpoint  temperature  of  air 

i/i  =  initial  total  heat  in  1  lb.  of  air  at  wet-bulb  temperature,  t' 

i/2  =  total  heat  in  1  lb.  of  air  at  final  dewpoint  ^ 

A/7 

-~- =  approximate  rate  of  total  heat  change  at  the  given  tem- 
perature per  degree  change  in  wet-bulb  temperature,  f 

42  To  find  the  final  temperature  possible  with  a  given  weight  of 
water  and  of  air  at  temperature  ^w  and  t'l,  respectively,  we  have  from 
[8] 
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Wt^-Wh  =  Nt\  ^^  -Nt2  ^ [5] 


Hence 


^^ ^    [61 

M 

At' 


ECONOMY   OF   THE   SPRAY   TYPE    OF  DEHUMIDIFIER 

43  The  chief  advantage,  aside  from  economy  of  space,  of  the 
spray  type  of  dehumidifier  over  the  surface  type,  Hes  in  its  abihty 
to  bring  the  spray  water  and  the  air  to  substantially  the  same  tem- 
perature, while  in  the  surface  type  there  is  usually  from  15  to  25  deg. 
difference.  This  permits  a  much  increased  efficiency  of  cooling 
with  the  spray  type  where  artesian  well  water  is  used.  When  the 
spray  water  is  cooled  by  artificial  refrigeration,  using  the  compres- 
sion system,  this  higher  water  temperature  permits  a  much  increased 
ammonia  pressure  in  the  water  cooler,  often  doubling  the  absolute 
pressure.  As  shown  in  Table  7,  this  increases  the  capacity  of  the 
ammonia  compressor  correspondingly  and  greatly  reduces  the  horse- 
power required  per  ton  of  refrigeration.  The  ammonia  condenser, 
of  course,  remains  unchanged. 

HEAT   INTERCHANGER 

44  When  the  reduction  of  the  moisture  contents  is  of  more  impor- 
tance than  the  cooling  effect,  a  heat  interchanger  or  economizer  may 
be  used  to  great  advantage.  In  this  apparatus  the  cold  air  leaving 
the  dehumidifier  is  passed  through  the  inside  of  a  system  of  tubes 
while  the  warm  incoming  air  is  passed  over  the  outside  of  these  tubes 
and  in  the  opposite  direct  on.  This  permits  an  effectual  transfer  of 
heat,  often  cooling  the  incoming  air  to  a  lower  temperature  than  that 
of  the  dehumidified  air  leaving  the  interchanger.  The  saving  effected 
in  this  way  is  often  more  than  one-third  of  the  total  refrigeration. 
The  calculation  of  the  dehumidifying  surface  required  may  be  effected 
by  the  use  of  the  formula  for  heat  transmission  given  in  a  Par.  91. 
Precaution  must  be  taken  m  this  calculation,  however,  to  note  that 
the  convection  resistances  on  each  side  of  the  surface  mu.st  be  taken 
into  account,  as  the  rate  of  heat  transmission  is  greatly  reduced  on 
this  account. 
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AIR  COOLING  AND  DEHUMIDIFYING  WITH  COOLING  COILS 

45  Calculation  of  the  cooling  effect  of  condensing  coils  for  differ- 
ent velocities  through  the  clear  area  and  various  temperature  differ- 
ences is  fully  discussed  under  the  theory  of  convection  in  Par.  62  to  75 . 
The  same  formulae  may  be  applied  in  both  cases. 

46  Condensing  coils  give  a  much  more  rapid  rate  of  conductivity 
per  degree  difference  in  temperature  than  steam  coils,  owing  to  the 
additional  effect  of  condensation.     This  relationship  however  has 
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Fig.  28    Heat  Transmission  from  Steam  to  Water 


never  before  been  investigated  nor  have  there  been  any  data  pre- 
viously available.  The  fact  that  the  moisture  contents  of  the  air 
may  be  greatly  reduced  without  leaving  it  saturated  is  explamed  and 
means  for  the  accurate  calculation  of  the  moisture  contents  are  given. 

47  Where  the  air  is  simply  cooled  and  no  condensation  takes  place, 
the  rate  of  heat  transmission  from  cooling  water  to  air  is  the  exact 
inverse  of  the  sum  of  the  convection  resistances  of  both  the  air  and 
the  water  films. 

48  We  have  the  rat(^  of  heat  conduction  between  steam  and  water 
ai)proximatel3^  given  by  the  curve  shown  in  Fig.  28,  as  plotted  by  the 
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authors  from  condenser  tests.  This  gives  for  the  rate  of  conductivity 
for  steam  to  water 

/v'= ^  [7] 

where  y  =  velocity  in  ft.  per  sec. 

49     When  Fw  =  velocity  of  the  water  in  feet  per  minute,  the  resis- 
tance through  a  conducting  wall  from  steam  to  water  is 

i?s  =  J-  =  0.000394+    %1^     [8] 

Of  the  constant  factor,  0.000394,  the  resistance  between  the  surface 
films,  probably  considerably  less  than  one-half  is  due  to  the  water 
film  alone,  or  less  than  0.0002.  For  heat  transmission  from  steam  to 
air  we  have,  as  shown  later 


625  Fo 


where 


d'm  =  mean  absolute  temperature  of  air  film 

Fo  =  velocity  through  clear  area  (measured  at  70  deg.) 

50  Therefore  we  have  for  the  convection  resistance  from  steam 
to  air 

«-i=°-''^*^ll+'-^ '1°) 

51  If  we  take  60  deg.  fahr.  or  520  deg.  absolute  as  a  fair 
average  mean  temperature  of  the  air  film,  we  will  have 

R^  =  -^-=  0.0373  +  ^ [11] 

52  It  is  noticeable  that  the  combined  resistance  of  the  steam  and 
air  films  is  100  times  as  great  as  the  resistance  of  the  combined  steam 
and  water  films,  and  hence  very  probably  more  than  200  times  as 
great  as  the  water  film  alone. 

53  We  may  take  as  the  entire  convection  resistance  between  air 
and  water,  when  there  is  no  condensation  . 
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i2.  =  ^  +  ~  =  0.0002  +  0.0373  +  5:^  +  ^^-  .  .  .  .  [12] 

1  ^no^r    ,      0.153       ,     50.66  f,^T 

R^=  TT  =0.0375+   ~^j-    +'-T7- 113] 

where 

T/^  =  velocity  of  water  through  cooling  pipes  in  ft.  per  min. 
^Q^z:  velocity  of   air   through   minimum    clear   area  between 
pipes  in  ft.  per  min. 
54     The  heat  transmission  then  between  air  and  water  when  no 
condensation  occurs  for  any  initial  and  final  temperatures  will  then 
be,  in  B.t.u.  per  hour, 


0.0375  +  ^  +  ^"- 
I  w 


y  o  /        \PAs  —  PWf/ 


When  D  is  the  mean  temperature  difference  between  steam  and 
air,  (^Ai — ^Wi)  is  the  initial  temperature  difference  between  air  and 
water.     The  final  temperature  difference  between  air  and  water  is 

(^A,— ^w.)-     (See  Appendix  No.  2.) 

RATE   OF  TRANSMISSION   BETWEEN  AIR  AND   WATER  WHERE    CONDEN- 
SATION   OCCURS 

55  Whenever  the  relation  between  the  water  temperature  and 
the  temperature  of  the  air  is  such  that  the  film  temperature  is  below 
the  dewpoint,  then  condensation  will  occur.  The  air  in  the  surface 
film  will  always  be  saturated  at  the  temperature  of  the  surface  film, 
while  the  main  body  of  the  air  passing  through  the  heater  may  be 
considerably  above  the  saturation  point,  even  after  considerable 
moisture  has  been  condensed  out  from  it,  the  final  state  of  the  air 
bemg  simply  the  result  of  a  mixture  of  air  saturated  at  the  mean  film 
temperature  with  the  main  body  of  the  air.  For  proof  of  this,  see 
the  discussion  of  the  laws  of  convection  in  Pars.  62  to  75. 

56  Actual  tests  with  condensing  coils,  as  well  as  the  theory,  both 
indicate  that  the  resistance  of  the  surface  film  of  the  air  and  the  tem- 
perature of  the  surface  film  are  in  no  way  affected  by  the  condensa- 
tion of  moisture.  However,  the  rate  of  convection  from  the  water 
to  the  conducting  wall  is  proportionately  affected  by  the  increased 
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amount  of  heat  transmitted,  on  account  of  condensation.  As  the 
effect  of  the  rate  of  convection  from  water  to  the  con(Uicting  wall  is 
relatively  slight,  it  may  be  neglected  in  approximate  calculations,  and 
the  cooling  effect  upon  the  air  will  be  approximately  the  same  as 
though  no  moisture  were  condensed.  The  rate  of  heat  transmission 
in  a  surface  dehumidifier  will  be  increased  in  proportion  to  the  amount 
of  heat  given  up  by  condensation.  Proper  allowance  must  of  course 
be  made  for  the  increased  rise  in  water  temperature. 

57  The  total  rate  of  heat  transfer  may  be  calculated  more  accur- 
ately by  taking  mto  account  the  increased  rate  of  transmission  from 
the  conducting  wall  to  the  air  as  follows: 

H=  .  ^^'^  ~  ^w)^^ean  Appendix  No.  4) [15] 

(1  +  m)  i^vw  +  R^x 


H=  T 


H= 


(^A  —  ^w)  mean 


(1+w)  0.153  _^Q375^   50.66 


Fw 


Vo 


loge 


6a2  —  ^Ws 


where 


m  = 


A  (latent   heat  per  lb.  of  air) 
A  (sensible  heat  per  lb.  of  air) 


MOISTURE  CONTENT  OF  AIR  LEAVING  SURFACE  DEHUMIDIFIER 

58  As  we  have  previously  shown,  air  leaving  the  surface  dehumid- 
ifier need  not  necessarily  be  saturated,  even  though  the  moisture 
content  be  considerably  reduced.  Let  6 a,  be  the  initial  air  tempera- 
ture and  Ba,  be  the  final  air  temperature.  Let  Wi  be  the  initial 
weight  of  water  in  a  pound  of  pure  air,  and  W2  be  the  final  weight 
of  water  contained  m  1  lb.  of  pure  air.  Let  d'm  be  the  mean  tempera- 
ture of  the  surface  film,  for  calculation  of  which  see  Appendix  No.  2. 
Let  W'm  be  the  weight  of  water  contained  in  one  pound  of  pure  air 
saturated  at  the  mean  film  temperature.     Then  we  will  have 


02  -    (1   -   X)  di  +   Xd'jn 

W2  =  (1  -X)W,-\-  XW\ 


[18] 
.[19] 
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Hence  eliminating  X  we  Avill  have 


[20] 


^^^^^^iWi^w^A^^^-^  [21: 


RATI']    OF    HEAT    TRANSMISSION    IN    INDIRECT    SURFACE    AIR 
HEATERS  AND  DEHUMIDIFIERS 

59  An  essential  element  in  air-conditioning  apparatus  is  the  indi- 
rect radiation  necessary  to  warm  the  air  after  saturation  in  the  humid- 
ifier. In  systems  where  the  air  is  required  for  ventilation  only, 
and  the  heating  is  effected  by  separate  radiation,  as  in  many  of  the 
larger  installations,  it  is  necessary  to  use  indirect  radiation  only  for 
the  purpose  of  warming  the  air  from  the  dewpoint  temperature  to 
approximately  room  temperature.  In  the  majority  of  installations, 
however,  the  air  is  heated  by  means  of  indirect  radiation  to  the  point 
required  to  maintain  the  proper  room  temperature. 

60  The  temperature  to  which  this  conditioned  air  must  be  heated 
evidently  depends  on  the  outdoor  temperature  and  upon  the  temper- 
ature difference  to  be  maintained  between  the  room  and  the  dewpoint 
of  the  air  supply,  as  required  by  the  humidity  control.  On  this 
account  data  pertaining  to  the  proper  design  of  such  an  indirect  heat- 
ing surface  are  of  especial  importance.  These  data  are  also  applied 
in  air  conditioning  to  the  design  of  surface  coolers,  dehumidifiers, 
and  interchangers. 

61  The  factors  of  importance  in  such  a  design  are  the  relation  of 
free  area  to  heating  surface;  the  rate  of  heat  transmission  for  various 
velocities  through  the  clear  area,  and  various  temperature  differ- 
ences between  the  air  and  heating  medium;  and  the  resistance  of 
the  heater  to  the  passage  of  air.  The  following  experimental  and 
mathematical  investigation  was  conducted  for  the  purpose  of  estab- 
lishing these  relationships,  as  very  little  authoritative  information  is 
at  present  available  on  this  subject. 

THEORY    OF    CONVECTION    WITH    FORCED    CIRCULATION 

62  The  accompanying  diagram,  Fig.  29,  presents  a  graphical 
representation  of  the  process  of  the  heat  transfer  from  steam  to  air 
through  conducting  wall.    Experimental  investigation  leads  us  to 
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conclude  tliat  the  exterior  of  the  conducting  Avail  is  covered  with  a 
siu'face  film  into  which  heat  passes  directly  from  the  conducting 
wall,  and  whose  resistance  to  the  passage  of  heat  is  independent  of 
the 'velocity  of  the  convecting  medium;  but  it  is  a  direct  function  of 
the  density  and  specific  heat  of  that  medium. 

63  The  total  resistance  of  the  surface  film  of  the  steam,  of  the 
conducting  wall,  and  of  the  surface  film  of  the  conducting  medium, 
may  therefore  be  represented  by  a  constant  R,  which  is  independent 
of  the  temperature  difference  between  the  steam  and  the  convecting 
medium,  and  of  the  velocity  of  the  latter. 


Fig.  29    Ideal  Diagram   illustrating   the   Theory  of  Heat 
Transmission 


64  Experimental  investigation  also  indicates  that  heat  is  trans- 
ferred from  the  surface  film  to  the  main  body  of  the  convecting  me- 
dium, that  is  to  the  air,  entirely  by  displacement.  Particles  of  air 
in  the  surface  film  are  displaced  by  impact,  due  to  the  velocity  of  the 
air  over  the  surface,  and  are  thus  mixed  with  the  mam  body  of  the 
air.  This  displacement  may  be  shown  to  be  in  direct  proportion  to 
the  velocity.  The  rate  of  heat  transfer  from  the  surface  film  to  the 
air  is  therefore  directly  proportional  to  the  product  of  the  velocitj- 
and  temperature  difference  between  the  film  and  air. 

65  Let  da  represent  the  steam  temperature,  the  distance  OS 
the   extent   of   surface   over   which   a   unit  of   air  passes  progres- 
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sively.  Let  di  6-2  represent  the  progressive  air  temperatures  with 
reference  to  the  steam  temperature  6s,  and  the  line  d'l  d'2  the  corre- 
sponding surface  fihn  temperatures.  Then  dg  -  6  represents  the  dif- 
ference between  air  temperature  and  steam  temperature  at  any 
instant,  and  6s  -  6',  the  corresponding  difference  between  the  steam 
temperature  and  the  fihn  temperature. 

66  The  foregoing  theory  may  then  be  stated  mathematically  as 

f  ^ic--"'' 1221 

fjff 

where  —r-  is  the  rate  of  transfer  of  heat  per  unit  of  surface  through 
at 

the  resistance  R  of  the  separating  wall  and  surface  films  of  steam  and 

air.     Assuming  that  this  rate  is  proportional  to  the  difference  in 

temperature  between  the  two  films,  from  [22]  we  have 

d^  =  6s-R^f^    [23] 

at 

67  According  to  both  theoretical  considerations  and  experimental 
evidence  R  probably  varies  inversely  with  the  density  of  the  air  film. 
Hence  with  increased  temperature  of  the  surface  film  we  would  expect 
R  to  be  increased.  This  variation,  however,  for  approximate  cal- 
culations is  negligible,  although  in  exact  calculations  a  correction 
nmst  be  made.  This  correction  becomes  important  when  the  tem- 
perature range  is  great. 

68  Assuming  the  number  of  particles  from  the  surface  film  to  be 
directly  proportional  to  the  velocity,  the  rate  of  heat  convection  from 
the  surface  film  is 

dH  __  Cr^WVid' -  6)  . 

dt   ~  B      '     ^^^^ 

where  Cp  is  the  specific  heat  of  the  air  in  the  surface  film,  W  is  the 
density  of  the  air  at  the  temperature  ^a;  V  the  velocity  in  feet  per  min- 
ute through  the  clear  area,  and  B  a  constant  to  be  determined  exper- 
imentally, dependent  upon  the  path  of  the  air  and  upon  the  form  and 
arrangement  of  the  convecting  surface. 

69  From  [24]  we  have 


c„wf  +  ^ 1^^' 


Equating  [23]  and  [25]  we  have 
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CW  +  ^lf""--^ I^«l 

dH^      e.-B 

70  Let  TTo  and  Vo  be  the  corresponding  densities  and  velocities 
of  the  air  at  an  absolute  base  temperature  ^o  and  let  6  be  the  abso- 
lute temperature  of  the  air  corresponding  to  W  and  V  then 


[28] 


Hence,  substituting  in  [27]  we  have 

dH  ^        ds-d 

which    shows  that   the   term  is   unaffected   by   variation 

rlTJ 
in  temperature;   and   assuming   R   constant,    that    —-  is  directly 

at 

proportional  to  the  difference  in  temperature  between  steam  and  air. 

71  Therefore,  let  K  be^  the  rate  of  transmission  in  B.t.u.  per 
sq.  ft.  per  hour  per  degree  difference  in  temperature  between  the 
steam  and  air.     Then 

K=  ^ [29] 

r>|  B 

and 

^=K(e,-d)  [30] 

72  Let  ^a  be  the  total  heat  transferred  per  hour  from  a  surface 
S,  then 

Hs  =  K(ds-d)S [31] 

dHs=K(ds-9)dS [32] 

Also 

dHs  =  -  CpGd(es -e)  [33] 

where 

(j  =  weight  of  air  per  hour  passing  over  the  surface  S. 
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73     Equating  [32J  and  [3.3]  wc  have 

K(ds-  d)dS=  -  CpGdid.-d) [34] 

Integrating  between  limits  (^s  —  ^i)  and  (^s  —  ^2)  and  between  0  and 
S,  we  liave 

r/CAS  =  -f*^"'V^4''-(^^) [35] 

KS=C,G\oge(^^ [36] 

where 

A  =  clear  area  through  heater  having  surface  S 
F  =  velocity  in  ft.  per  min.  through  clear  area 
17  =  density  of  air  in  lb.  per  cu.  ft. 

G  =  QO  AWV  =  60  ^TFoFo 
Hence 


'a —  ci  \  KS 


^"^'[f.-jJ^mc^Aw.v. '^^1 


Changing  this  to  common  logarithms 

^°S  \^-r^J  "   (2:3026  X  60)C^AWoVo ^^^^ 

74     From  [29]  we  have 

pi    ^ 

^^CpTFoFo 

■    ,     /6s- dA  S 

log  U37    = 7 ^^  •  •  -^39] 

\Us     tfo/       (2.3026  X  m)ACr>Wo    RVo  +    — 

\  CpFo, 

"  (2.3026  X  60)  (RC^Q^BA)  ^^^^ 

where  Q  =  cu.  ft.  of  air  per  minute  at  standard  temperature.     This 
will  also  reduce  to 

-t::)-^, [«i 
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where 

/=-7-,  n  is  a  constant,  and  m  is  substantially  a  constant  except 

as  varied  by  change  in  the  absolute  temperature  of  the 
surface  film. 

SURFACE    FILM   TEMPERATURE 

75  From  equation  [23]  we  have  for  the  surface  film  temperature 

at 
From  equation  [28] 

dH  _         d^-d 

Substituting  this  value  in  equation  [23]  we  have 

e'  =  e,-R/  ~^^^^-^\ 142] 

Hence 

d'  =  ds~  RK{Os-  d) [43] 

and 

«=i(|^;) '«! 

Also 

ds-  d'  =  RK{ds-  6) [45] 

i.e.,  the  difference  between  the  steam  and  film  temperature  is  propor- 
tionate to  the  difference  between  the  steam  and  air  temperatures 
when  RK   is  constant,  hence  approximately  so  when  Fo  is  constant. 

EXPERIMENTAL  DETERMINATION  OF  THE  LAWS  OF  CONVECTION 

76  We  will  now  proceed  to  determine  the  constants  in  the  fore- 
going equations  and  give  the  experimental  evidence  by  which  the 
above  theory  may  be  corroborated.  Table  8  gives  the  observed  and 
corrected  results  from  ten  heat  transmission  tests  conducted  upon 
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eight  sections  of  fan  system  heaters  each  section  being  composed  of 
four  rows  of  1-in.  wrought-iron  pipe,  makmg  a  total  depth  of  32  rows 
of  pipe.  Details  of  the  heater  construction  are  shown  in  Fig.  30. 
For  complete  description  of  tests  and  corrections  applied  see  Appen- 
dix No.  1. 
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Fig.  30    Detail  of  Heater  Construction 


77  Curves  shown  in  Fig.  31  are  plotted  from  the  values  given  in 
column  2  of  each  test  in  Table  8,  which  give  air  velocities  through  the 
clear  area  based  on  actual  air  measurements  corrected  to  correspond- 
ing volume  at  70  deg.  fahr.  and  29.92  in.  barometric  pressure.  The 
lower  curve  gives  the  rate  of  heat  transmission  as  determined  from 
the  condensation.  The  upper  curve  gives  the  corresponding  values 
as  determined  from  observed  air  measurements.  These  two  curves 
show  a  uniform  discrepancy  of  approximately  8  per  cent,  as  indicated 
m  Fig.  32.     As  both  the  temperature  and  condensation  measurements 
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were  made  with  considerable  care,  and  since  the  per  cent  of  error  is 
substantially  uniform  at  all  velocities,  it  is  evident  that  a  systematic 
error  was  made  of  8  per  cent  in  the  measurement  of  the  air  volume. 
This  may  be  accounted  for  in  large  measure  by  the  fact  that  no  allow- 
ance was  made  for  the  coefficient  of  the  discharge  orifice.     Accord- 
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Fig.  31    Effect  of  Velocity  upon  Rate  of  Transmission  from  Original 

Air  Measurements 


ingly  both  the  rate  of  transmission  from  the  air  measurements  and 
the  corresponding  velocities  have  each  been  reduced  8  per  cent. 

78  From  these  corrected  values  and  from  the  condensation,  the 
combined  curve  shown  in  Fig.  33  has  been  plotted,  showing  a  remark- 
ably close  agreement  of  both  values,  thus  thoroughly  establishing 
the  true  form  of  the  curve. 
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COEFFICIENT   OF   TRANSMISSION 

79  From  the  above  data  we  may  calculate  K,  that  is  the  rate  of 
transmission  per  square  foot  per  degree  difference  in  temperature 
at  the  various  velocities,  providing  Ave  may  assume,  as  in  the  fore- 
going theory,  that  the  rate  of  transmission  at  any  instant  is  propor- 
tionate to  the  temperature  difference  between  the  steam  and  air. 
To  establish  this  relationship  Table  9,  contaming  the  corrected  test 
data  on  the  individual  sections,  is  given,  and  also  Fig.  34  in  which  the 
transmission  curves  are  plotted  from  the  values  in  Table  9.  These 
curves  have  been  derived  through  the  well-knoAvn  systems  of  fairing, 
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Fig.  32    Pkrcentage  of  Error  in  Air  Measurements  as  compared  with 

Condensation 


and  of  cross  and  increment  plotting,  until  they  represent  the  most 
probable  relationships  to  be  determined  experimentally. 

80  From  Fig.  34  the  B.t.u.  values  given  in  the  second  column  of 
Table  10  have  been  taken.  Values  exhibited  here  are  taken  at  a 
velocity  of  1000  ft.  per  min.  through  the  clear  area.  While  compari- 
sons are  given  here  for  only  one  velocity,  it  should  be  understood  that 
the  same  comparisons  have  been  made  at  other  velocities.  Column 
3  gives  the  temperature  rise  in  each  consecutive  section,  as  computed 
from  the  experimental  rate  of  transmission  given  m  column  2,  this 
relationship  being  expressed  by  the  formula 


where  //'  =  B.t.u.  per  hr.  per  sq.  ft.     The  fourth  column  gives  the 
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computed  temperature  leaving  the  consecutive  sections.  From  column 
4,  columns  5  and  6  are  computed.  Column  7  gives  the  ratio  of  the 
initial  temperature  difference  between  steam  and  air  to  the  final  tem- 
perature difference  between  the  steam  and  air,  for  each  consecutive 

section.     From  this  comparison  it  will  be  seen  that  this  ratio — 


is  substantially  constant  in  all  sections,  for  any  one  velocity,  regard- 
less of  the  variation  in  the  entering  temperature.  If  the  rate  of  trans- 
mission per  degree  difference  in  temperature  between  steam  and  air 
was  absolutely  constant  at  any  one  velocity,  it  could  be  shown  from 


equation  [38]  that  the  ratio  of 


log 


^1 


02 


^   for   any   section   as   well    as 


—     would  also  be  absolutely  constant,  and  conversely. 

—  02 


TABLE  9 


Section 
Number 


B.T.U.  PER  SQ.  FT.   OF  SURFACE  PER    HR..   CALCULATED   FROM 
CONDENSATION 


Rbvohjtions  Feb  Mindte 


80 


120 

160 

200 

240 

280 

320 


360 


360 


400 


Observed  Velocities  Corrected  to  Standard  Conditions  and  Reduced  8  Per  cent 
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81     It  will  be  seen,  however,  from  column  8,  that  log  ^ ~ 

Og     —     U2 

decreased  regularly  from  the  first  to  the  last  section.     Column   9 
gives  the  absolute  film  temperature  as  calculated  from  formula  [43]. 


From  this  it  will  be  seen  that  log 


ds- 


while  varying  inversely 


with  the  absolute  film  temperature,  varies  at  a  much  less  rapid  rate. 
Column  12  gives  the  value  of  K,  the  factor  of  transmission,  as  calcu- 
lated from  the  values  in  column  8  according  to  formula  [36].  From 
the  experimental  constants,  determined  m  the  maimer  to  be   de- 
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scribed  later,  we  are  able  to  calculate  the  variations  in  the  value  of 
R,  (according  to  formula  [29])  as  shown  in  column  13,  from  the  values 
of  K  as  determined  from  the  tests.  In  column  10  the  variations  in  R 
have  been  calculated  on  the  assumption  that  the  film  resistance  is 
directly  proportional  to  the  absolute  film  temperature.     The  sub- 
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Fig.  33  Combined  Curve  showing  Rate  of  Transmission  from  Con- 
densation AND  Air  Measurement  corrected  for  8  Per  Cent  Error 
IN  Air  Measurements  • 


stantial  agreement  of  the  values  thus  calculated,  with  the  values  of  R 
in  column  13,  as  calculated  from  the  tests,  is  thus  conclusively  demon- 
strated. In  column  11  the  value  of  K  has  been  calculated  from  for- 
mula [29],  using  the  values  of  R  as  calculated  from  the  film  tempera- 
ture. The  close  agreement  of  these  values  of  7v  as  calculated  from  the 
formula  may  be  shown  by  comparison  with  the  values  of  K  as  deter- 
mined from  tests  in  column  12. 
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82  The  same  substantial  agreement  having  been  verified  at  other 
velocities,  we  are  warranted  in  asserting  that  the  value  of  R  varies 
directly  as  the  calculated  absolute  film  temperature,  where  R  is  the 
resistance  of  the  surface  film  to  the  transmission  of  heat.  The  value 
of  R  as  used  in  these  calculations  includes  not  only  the  resistance  of 
the  surface  film  of  air,  but  also  the  surface  film  of  steam  and  of  the 
conducting  Avall.  However,  as  has  been  proven  by  experiments  in 
heat  transmission  from  steam  to  water  (see  Fig.  28),  this  resistance  is 
less  than  one  per  cent  of  the  resistance  of  the  air  film.     Therefore 
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Fig.  34    Rate  of  Transmission  in  Consecutive  Sections  of  Heater  at 

Various  Velocities 

we  may  take  the  entire  resistance  R  as  varjdng  directly  as  the  abso- 
lute film  temperature,  with  negligible  error. 


DETERMINATION  OF  THE  VALUES  B  AND  B 

83  As  shown  in  the  preceding  paragraph,  the  absolute  values  of 
R  are  dependent  upon  the  film  temperature,  but  in  order  to  calcu- 
late this  film  temperature  we  must  first  know  the  approximate  values 
of  both  R  and  K.  These  values  were  first  determined  approximately 
for  different  velocities  by  assuming  R  to  be  constant,  that  is  K  to 
be  constant,  for  any  fixed  velocity.  K  may  then  be  calculated  directly 
from  the  values  in  Fig.  33  by  means  of  equation  [36],  in  which 


1670 


AIR   CONDITIONING   APPARATUS 


6,-0. 


[46] 


where 


84 


Cp  =  the  specific  heat  of  air 

G  =  the  weight  of  air  in  lb.  per  hour  passed  through  tlie  heater 

*S  =  the  total  sq.  ft.  of  heating  surface 

From  equation  [29]  we  have 


K 


R 


1 


B 


CJVoVo 


TABLE  10     SHOWING  THE  FILM    RESISTANCE  R  TO    VARY  AS  THE  ABSOLUTE 
FILM  TEMPERATURE  * 

VELoaiY  Through  Clear  Area  1000  Ft.  per  Min.     ^s  =  227  Deg.  Fahr.     dx  =  20  Deg.Fahr. 
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from  which  we  may  deduce  the  resistance  formula 


[47] 


K         '^\C,,Wo/Vo 

in  which  R  is  assumed  to  be  a  constant,  B  is  a  constant  to  be  deter- 
mined, CpTT^o  is  a  known  constant,  ^    is  a  known  variable,  and  — 

is  the  reciprocal  of  K  as  calculated  above,  in  equation  [46]. 

85     By  inspecting  equation  [47]  we  see  that,  if  R  is  assumed  to  be 
a  constant,  this  is  a  straight  line  relationship.     Therefore  the  approxi- 
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mate  values  of  H  and  ^  ^r  may  be  determined  from  the  equation 
of  a  straifi'lit  liiu"  drawn  through  tlie  vahics  of  -p  plotted  to  the  cor- 
responding values  of   =^.     Having  determined  the  values  in  this 

manner  we  may  now  determine  ai)proximately  the  values  of  the  mean 
absolute  film  temperatures  at  the  different  velocities  using  the  aver- 
age rates  of  transmission  as  shown  in  Fig.  33. 
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86    The  mean  absolute  film  temperature  may  be  determined  by 
the  formula 


^'m  =  es-RK  (ds  -  e)m  =  ds-RK 


loge 


[48] 


for  the  derivation  of  Avhich  see  Appendix  No.  2,  where 
^'m  =  mean  absolute  film  temperature 
(^s—  ^)m  =  mean  temperature  difference  between  the  steam  and  air 
87     For  eight  sections  of  heater  with  the  velocity  of  the  air  through 
the  clear  area  of  the  heater,  measured  at  70  deg.  fahr.  at  1000  ft.  per 
minute,  we  find  a  mean  absolute  film  temperature  of  approximately 
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625  deg.  Therefore  we  have  calculated  the  value  of  R,,  and  all 
values  of  Ko  at  different  velocities  for  this  assumed  standard  of  film 
temperature.  Having  calculated  the  average  values  of  K  for  eight 
sections  of  heater  and  different  velocities  as  described  in  the  preceding 
paragraph,  Ave  may  determine  the  value  of  /Cq  for  a  film  temperature 
of  625  deg.  from  the  formula 


Ko=K 


i  +  K^RA--^'' 


[491 


for  derivation  of  which  see  Appendix  No.  3. 

88    These  values  as  calculated  from  the  tests  are  shown  in  column 
12  of  Table  11.     In  this  table 


625 

We  now  have  the  rates  of  transmission  for  different  velocities  corrected 
to  a  standard  absolute  film  temperature  of  625  deg.  Therefore,  if 
our  theoretical  relationships  hold  true 

is  the  equation  of  a  straight  line,  in  which  R^  is  the  intercept  at  =^  =  0 

^  o 

D 

and  ^-^^"  is  the  slope.     The  plot  of  these  values  for  different  veloc- 
CpVKo 

ities  as  determined  from  the  test  curve  Fig.  33  is  shown  in  Fig.  35. 
It  will  be  noticed  from  an  inspection  of  Fig.  35  that  these  points  do 
lie,  with  remarkable  accuracy,  in  a  straight  line,  thus  showing  the 
agreement  of  the  test  results  with  the  rational  formula 

1 

Ko  =  ^ 

^""^c^Woi^o 

89    Substituting  numerical  values  obtained  from  this  plot  we  have 


Hence 


1- =  0.0447  + '^"^^^ [50] 


0.0447+^^-^^ 


Vo 
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Column  13,  Table  11,  shows  the  value  of  7vo  calculated  from  above 
formula,  which  may  be  compared  with  the  values  of  Ko  calculated 
from  test  and  given  in  column  12. 

90  Fig.  36  gives  the  value  of  Ko  for  different  velocities,  the  curve 
being  plotted  from  the  formula  and  the  points  shown  being  the  values 
determined  directly  from  the  test. 
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Fig.  37    Relation  between  Koidg  —  6)^.  and  X  at  Different  Steam 

Pressures 


RATIONAL    FORMULA    FOR    HEAT    TRANSMISSION 

91  We  may  now  insert  the  above  numerical  values  given  in 
equation  [51]  in  the  rational  formulae  [38]  to  [41].  Substituting  in 
equation  [40]  we  have 

^""^''W-eJ  =  0JT19QTT27I  ^^^^ 

Substituting  proper  values  in  equation  [41]  we  have 

i°g.«6;Z>^)  =  oin97TT27  '^^' 

also 

,         Id.-e,.       0.3994//V  f 
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Fig.  38    Coerection  Factors  for  Coefficient  of  Heat  Transmission 
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P'iG.  39    Approximate  Calculated  Values  of  Heat  Transmission 
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Sectious 

Fui.  41     Comparison  of  Calculated  Values  with  Test  Results.    Lines 
Represent  Calculated  Values;  Points  Represent  Test  Results 


WILLIS    II.    CARRIER 


1677 


where 


^3  =  steam  temperature 

di  =  entering  air  temperature 

02  =  final  air  temperature 

S 
/=-r  =  ratio  of  total  surface  to  clear  area 
A 

F  =  the  velocity  of  air  through  clear  area  (at  70  deg.)  in  ft. 

per  min. 

Q  =  cu.  ft.  air  at  70  deg.  fahr. 


TABLE  12     CALCULATIONS  FOR  CORRECT  VALUES  OF  FINAL  TEMPERATURES 

AND   HEAT  TRANSMISSION 
Velocitt  Through  Clear  Area  1000  Ft.  per  Min.        fe=227  Dbg.  Fahr.    3i=20  Deg.  Fahr. 
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92  The  above  formulae  are  correct  for  a  mean  film  temperature 
of  625  deg.  absolute.  For  approximate  results,  these  formulae  can 
be  used  without  corrections.  For  more  accurate  results  the  factor 
0.1119  must  be  corrected  for  the  calculated  absolute  film  tempera- 
ture in  each  case.  The  full  formula  embodying  this  correction, 
where  extreme  accuracy  is  desired,  is 


/=  (0.000179lFo^8+ 126.8)- log 


0.000003474  70^^8-^1)  r.--, 
0.0447  Fo+ 50.66      ^  ^^^ 


which  can  only  be  solved  for  /  when  the  initial  and  final  temperature 
of  the  air  are  known.     For  ordinary  calculations  where  we  wish  to 
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solve  for  the  initial  and  final  temperatures  where  /  and  V  are  known, 
we  first  determine  approximate  values  of  6i  and  62  from  equation 
[53].     We  then  solve  for  the  mean  temperature  difference  between 
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a    a 

/  =  (0.000179  Fo0s+  126.8)  log   -^ -^  -  (0.000003474  V^K^  {$2  -  Oi) 


steam  and  air,  using  the  above  determined  values  of  di  and  6^  in  the 
formula 

0.434(^2-^1) 
{es-0)m=T TTZTflTx   (see  Appendix  No.  2) l56] 

logi 
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93  Having  determined  (^s  -  ^)m  we  may  then  determine  the  value 
of  X  from  the  formula 

X  =  0.00007152^3  -  0.0447-  0.0000032 i^o  (^s  -  ^)m.  .  •  .157] 

or  from  Fig.  37  giving  the  values  of  X  for  the  various  values  of 
i^o(^s  -  ^)m.     The  correct  value  for  02  will  be  given  by  the  equation 

,        /ds-  di\  0.3994  fKo   f  .  ,.      .,      .^  r,.. 

To  simplify  this  correction  for  a  series  of  calculations,  curves  may  be 
constructed  for  the  correction  factor  as  shown  in  Fig.  38. 

94  An  example  of  such  a  calculation  is  given  in  Table  12.  This 
should  be  compared  with  the  results  from  tests  given  in  Table  10, 
for  the  same  conditions.  Comparison  of  the  following  correspond- 
ing columns  in  each  table  is  of  interest: 


TABLE  10 

TABLE  12 

Test  Values 

Calculated  Values 

2 

with 

12 

3 

with 

11 

4 

with 

8 

6 

with 

7 

Compare  column 
Compare  column 
Compare  column 
Compare  column 

95  Fig.  39  shows  the  approximate  calculated  values  of  heat 
transmission  in  the  individual  sections  at  various  velocities,  without 
correction  for  film  temperature.  Fig.  40  shows  the  same  values 
corrected  for  film  temperature.  It  is  interesting  to  compare  these 
results  with  Fig.  34,  in  which  the  corresponding  test  values  are 
given.  The  agreement  of  the  actual  test  results  with  the  correspond- 
ing calculated  values  is  still  more  strikingly  shown  in  Fig.  41,  in  which 
the  curves  are  accurately  drawn  in  accordance  with  the  corrected 
formula,  while  the  plotted  points  represent  the  actual  test  values 
given  in  Table  8. 

96  Fig.  42  shows  graphically  the  relation  between  the  heater 
surface  and  air  temperature  for  various  velocities  through  wrought- 
iron  pipes  heaters.  The  factor  /  is  the  ratio  of  total  surface  to  clear 
area  and  will  vary  with  different  number  of  heater  sections,  being 
equal  to  98.68  for  the  eight  sections  tested.  The  values  of  /  as 
plotted  were  computed  from  formula  [7],  Appendix  No.  4. 

97  As  an  example  of  the  use  of  Fig.  42,  we  will  assume  an  initial 
or  entering  air  temperature  of  20  deg.  fahr.  with  a  velocity  through 
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the  clear  area  of  1000  ft.  per  min.  Following  the  dotted  line  as  shown, 
we  find  a  value  of /i  =  25.4,  and  adding /=  98.68  for  eight  sections 
gives  /2  =  124.08.  From  /2=  124.08  follow  the  dotted  line  upward 
till  it  intersects  the  1000  ft.  per  min.  velocity  and  the  across  to  a 
final  or  leaving  temperature  of  147  deg.  fahr.  An  inspection  of 
column  8  of  Table  12  shows  a  final  temperature  obtained  from  the 
tests  of  147.02  deg.  fahr.  This  diagram  may  be  used  for  any  other 
value  of  temperature  or  surface,  when  the  steam  pressure  is  5  lb.  gage. 
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98  A  series  of  ten  tests  was  made  in  February  1906  for  the  purpose  of  check- 
ing the  results  obtained  from  similar  tests  made  in  1902.  As  the  results  of  these 
tests  agreed  so  fully  with  those  of  the  former  tests,  it  was  considered  unneces- 
sary to  work  them  up  in  detail  until  the  present  time.  A  number  of  similar 
tests  were  also  made  at  this  time  at  various  other  steam  pressures.  As  these 
merely  substantiate  the  relationships  here  presented,  it  has  been  thought  un- 
necessary to  include  them. 

99  The  tests  were  made  on  an  indirect  or  fan  system  heater,  consisting 
of  eight  sections  each  of  four  rows  of  1-in.  wrought-iron  pipe.  Details  of  the 
arrangement  of  the  pipes  and  their  distribution  in  the  cast-iron  base  is 
shown  in  Fig.  30.  Each  section  contained  126.6  sq.  ft.  of  surface,  and  the 
clear  area  was  10.263  sq.  ft.  The  air  was  drawn  through  the  heater  by  a  steel 
plate  fan,  and  blown  through  a  nozzle  where  the  air  measurements  were  made. 
The  velocity  of  the  air  was  measured  by  means  of  a  pitot  tube  and  a  hook 
gage,  the  temperatures  being  carefully  taken  at  the  outlets  with  thermometers 
well  protected  from  the  effect  of  radiation.  The  pitot  tube  readings  were 
taken  at  the  outlet  of  the  fan  nozzle,  a  series  of  64  readings  having  been  taken 
over  the  area  of  the  outlet,  and  the  ratio  of  the  average  to  the  reading  at  the 
center  carefully  computed.  During  the  test  continuous  readings  were  taken 
with  the  pitot  tube  fixed  in  the  center  of  the  orifice,  which  were  afterwards 
corrected  for  the  above  ratio. 

100  The  pressure  of  the  steam,  as  well  as  the  speed  of  the  fan  engine,  was 
kept  constant  throughout  each  test  by  two  of  the  observers.  The  condensa- 
tion from  each  section  was  weighed  separately,  and  the  temperatures  carefully 
noted.  Each  section  was  provided  with  an  air  vent,  and  thoroughly  blown 
out  for  about  one  hour  before  starting  the  test,  and  some  steam  was  allowed 
to  blow  through  during  the  entire  test.  A  separator  was  placed  in  the  steam 
line  before  the  throttle,  and  a  calorimeter  was  used  to  determine  the  quality 
of  the  steam  as  it  entered  the  steam  heater.  A  slight  degree  of  superheat  was 
observed  during  each  test,  and  the  proper  allowance  made  in  the  calculation 
of  the  total  heat  of  the  steam.  The  saturation  temperature  of  the  steam  was 
also  taken  before  and  after  each  test  to  check  the  steam  gage,  proper  allowance 
being  made  for  stem  correction  to  the  thermometer.  Barometric  readings 
were  made  during  each  test,  and  the  steam  pressure  so  regulated  as  to  maintain 
an  absolute  pressure  of  19.7  lb.  on  the  heating  coils.  The  steam  gage  was 
calibrated  by  means  of  a  dead-weight  tester  before  and  after  each  test,  due 
allowance  being  made  for  the  barometric  reading  taken  at  the  time. 

101  In  Table  8  will  be  found  the  principal  data  obtained.  As  already 
explained,  the  first  column  for  each  test  contains  the  uncorrected  observations, 
the  second  column  these  same  readings  corrected  to  standard  conditions  of  70 
deg.  fahr.  and  29.92  in.  barometer,  while  in  the  third  co'umn,  as  previously 
explained,  a  further  correction  is  made  for  a  systematic  error  of  8  per  cent  in 
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measuring  the  air.  Proper  allowance  had  been  made  for  heat  loss  from  the  air 
by  convection  from  the  surface  of  the  heater  casing  and  fan  housing,  correction 
for  this  loss  being  added  to  the  air  temperature.  Slight  corrections  were  also 
made  for  condensation  from  such  portions  of  the  heater  base  and  pipe  connec- 
tions as  were  exposed  to  the  air  of  the  room  rather  than  to  the  air  measured. 
This  loss  was  found  to  amount  to  78.4  B.t.u.  per  hr.  i)er  degree  difference 
between  the  steam  temperature  and  room  temperature. 
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Fig.  43    Relation  of  Fan  Speed  to  Velocity  of  Air  through  Heater 


102  A  further  correction  was  also  required  to  make  allowance  for  the  fact 
that  the  condensation  left  the  heater  at  practically  steam  temperature,  and  a 
portion  would  flash  into  steam  upon  exposure  to  the  atmosphere.  After  care- 
ful tests  it  was  decided  to  add  1.5  per  cent  to  the  weight  of  condensation  to 
cover  this  loss,  as  well  as  \\  lb.  per  \  hr.  to  cover  the  average  loss  due  to 
evaporation  from  the  tanks  containing  the  condensation.  A  final  correction 
was  then  made  to  reduce  all  the  tests  to  a  standard  of  20  deg.  for  the  tempera- 
ture of  the  entering  air.  This  was  based  on  the  fact  that  at  any  velocity  the 
weight  of  the  condensation  practically  varies  directly  as  the  temperature 
difference  between  the  steam  and  entering  air. 
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103  As  previously  stated,  the  speed  of  the  fan  was  maintained  constant 
during  each  test  at  the  speeds  shown  in  Table  8.  The  relation  of  the  fan  speed 
to  the  velocity  through  the  clear  area  as  computed  from  the  air  measurements, 
is  shown  in  Fig.  43  plotted  from  the  values  in  Table  8,  barometric  measure- 
ments being  taken  into  consideration  in  computing  the  air  measurements.  It 
will  be  noted  that  the  velocities  recorded  are  fairly  regular,  with  the  exception 
of  the  tests  made  at  80  and  240  r.p.m. 


APPENDIX  No.  2 
FORMULA   FOR  MEAN   EFFECTIVE   TEMPERATURE 

104  Let  H  be  the  total  heat  transferred,  S  the  total  surface,  K  the  rate  of 
heat  transmission  per  degree  difference  in  temperature,  (^s— 0)ra  the  mean  effec- 
tive temperature  difference  between  the  steam  and  air.     Then  we  will  have 

H  =  Kid,-d)n,S [1| 

(,3_,)^=J^=   W^-^.) j,j 

^  ^     KS  KS 

also 

d//=  (6^-6)  KdS [3] 

105  Referring  to  Fig.  29  we  have 

dH=-CpWd  (ds-d) [4J 

where  W  is  the  total  pounds  of  air  per  hour  passing  over  the  surface  S. 

106  Equating  [3]  and  [4]  we  have 

ids-d)KdS=-CpWd  ids-d) [5] 

KrdS=-CpW    p-'m-^) [6] 

Integrating 

KS  =  C  pW  log  J^~^' [7] 

^3  —  &2 

Hence 

(^s-0)n.=    — 4-^4^^ IS] 


log, 

\C7s  — (72 
{.tfs-0)m=  j^ ^"V" [9] 

107    From  equation  [45]  we  have 

es~d'=RK(es-d) 

or  approximately 

ds-e'^^RoKoids-d) [10] 
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Hence 

d  id,  -  d')  =  RKd  {ds-d) [11] 

Therefore  it  follows  from  [10]  and  [11]  that  we  will  have  the  samo  relation- 
ship between  (^3-^'),  (^3 -^'2)  and  (^s-^')™  as  between  {Os-C,),  (6^-6,) 
and  (^a  —  ^)m  in  equation  [U].    Hence 

ie.-e,.=  '''-'''%f' M 

lOS    Substituting  in  [12]   RoIQ  ids  -  ^1)  for  ^3  -  6\  and  RoKo  (^s  -  ^2)    for 
da  —  6\  we  have 

RoKo[{ds-e,)-{d,-d^)] 

{Us-0  )m=  7q^^\  ^  ^ 

\da—  1/2; 


or 


(g,-9').-"°yi~/,-' 1141 


or 

,,       ,      RoKo  {62  -  6,) 


[15] 

loSe 


7s   —  1/2 


APPENDIX  No.  8 
PROOF  OF  FORMULAE   [49]  AND   (581 
r  /&'m-625\ 


[49] 


109  It  has  been  shown  that  the  value  of  R  for  a  mean  film  temperature  of 
625  dcg.  is  0.0447,  and  that  it  varies  directly  as  the  absolute  temperature, 
Hence 


R  = 


Rod'n,      0.0447  0'r 


625 


625 


Hence 


]__Rod'm      50M 
K~     625  F 


"Xo"^     n       625 


/d'm  -  625\ 


=  K 


1  +  KoRo 


625      / 
,-625 


625 


110    Let 


Then 


X  =  Rq 


d'm  -  625 
625 


K 


1  +  XA'o 

Ill     We  have  from  equation  [54] 

/^s-0i\        0.3994 /X 

Hence  substituting  the  above  value  of  K  we  have 

0.3994/iCo 
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U] 

.[2] 
.[3] 
.[4] 
.[5] 


.[6] 

.[7] 
.[8] 

.[9] 


.[581 
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(e\n  -  625\ 
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1 12    From  equation  [0]  we  liave  X  =  7^  / 

have  e'm  =  ^s  -  RK  {Qs  -  ^)  m-    Hence 

^'m  =  ^s  —  RqKo  (^s  —  ^)m  (approximately) 
Substituting  this  vahie  of  ^'ni  i"  equation  [G]  we  have 

ds-RoKo(ds-e)m-Q25'\ 


X  =  Rq 


G25 


I.    From  equation  [48]  we 
625       /  ^ 


[10] 
[11] 


113     Substituting  numerical  values  previously  determined 

ds  -  0.0447  Ko  (9s  -  9)  m  -  625  1 


X  =  0.0447 


625 


Hence 


[12] 


X  =  0.00007152  ds  -  0.0447  -  0.0000032  Koids-d)^ [13  ] 


APPENDIX  No.  4 

PROOF  OF  EQUATION   [55] 
114    From  equation  [54]  we  have 


.og(f'-!'V°™ '-" 


and  from  equation  [2],  Appendix  No.  3 


1        0.0447  e'm       50.66  .  , 

—  = +   -         2 

X  625  F 


115     From  equation  [15]  Appendix  No.  2 


e'n,  =  6s  -0.434  X  0.0447 Xo/  ^   --/,  x    \ t3] 


^"^^"'^-ll. 


Hence 


|l      0.0447  gs        0.0447X0.434X0.0447  /        62-6,        \       50.66 

A'~      625      "'       "  625       "  ,         /0s-gAl  ^"    

,         >,,-  6/1        \        50.66 

=  0.00007152  e^-  0.0000013S75  A'o/ vz       /.  v   \  +  -TT"   ^'^5 

/ oe  —  Ui\   ]  V 

logi 

"   7b  —  1/2  , 


0.3994/ 

V 
or 


0.00007152 ds  +  — r^  jlogio  (  ^'-^ „'  1-0.0000013875  KMS^)  ■  ■  l«] 


/=  (0.0001791  Vo  0.  +  126.8)  logic  (  /  -^'  )  -  (0.000003474 Fo  A'o)  (^2  -  ^i) .  . .  .  [7] 

/ds-eA       0.000003474F2(g2-gi)  roi 

■  (0.0001791F.  g.+ 126.8)  log.  ^j  -      ,^0447Fo  + 50.66      ^'^ 
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TESTS  OF  A  SAND-BLASTING  MACHINE 

By  Wm.  T.  Magruder 
ABSTRACT  OF  PAPER 

The  paper  gives  the  records  and  results  of  quantitative  tests  of  a  sand-blast- 
i  ng  machine  under  the  actual  conditions  of  commercial  practice.  The  rough 
surfaces  of  pieces  of  cast-iron,  which  had  been  cast  in  one  mold,  were  blasted 
by  air,  from  which  the  moisture  had  been  separated,  with  dried  and  screened 
new  Cape  May  grit  by  a  Pangborn  sand-blasting  machine,  and  with  the  sand 
valve  wide  open.  The  quantity  of  air  used  was  measured  by  a  pitotmeter; 
the  quantities  of  iron  removed,  of  sand  used,  and  of  sand  consumed,  were  meas- 
ured for  each  test.  The  air  pressure  was  varied  from  20  lb.  to  70  lb.  The 
angle  between  the  surface  of  the  test  bar  and  the  nozzle  was  varied  from  30  to 
£0  deg.     The  distance  from  the  nozzle  to  the  test  bar  was  varied  from  4  to  10  in. 

The  results  show  that  (a)  for  distance  of  Sin.  and  angle  of  45  deg.,  the 
equivalent  amount  of  free  air  delivered  per  minute,  the  iron  removed,  the  sand 
discharged,  the  sand  used  up,  per  100  cu.  ft  of  free  air  flowing  per  minute,  vary 
directly  with  the  pressure;  the  amount  of  usable  sand  remaining  and  the  amount 
of  sand  discharged  per  pound  of  iron  removed  vary  inversely  with  the  pressure; 
{b)  for  60  lb  pressure  and  8  in.  distance,  the  largest  amount  of  iron  was  removed 
and  the  least  amount  of  sand  was  required  to  do  it,  when  the  angle  between  the 
nozzle  and  the  work  was  from  45  to  60  deg. ;  (c)  for  60  lb.  pressure  and  45  deg. 
between  the  nozzle  and  the  work,  the  largest  amount  of  iron  was  removed  and 
the  least  amount  of  sand  was  required  to  do  it,  when  the  distance  was  6  in.; 
(d)  the  sand  used  varies  with  the  directness  of  the  blast;  and  (e)  inversely  with 
the  distance  from  the  test  bar. 
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TESTS  OF  A  SAND-BLASTING  MACHINE 

By  Wm.  T.  Maqruder.  Columbus,  Ohio 
Member  of  the  Society 

This  paper  gives  the  records,  results  and  conclusions  of  a  series 
of  quantitative  tests  of  a  sand-blasting  machine,  under  the  actual' 
conditions  of  commercial  practice,  which  were  made  by  David 
H.  Ebinger  and  Robert  A.  Frevert,  of  Columbus,  under  the  direction 
of  the  author  as  their  thesis  for  the  degree  of  mechanical  engineer 
from  The  Ohio  State  University  in  1910.  As  it  was  evident  that 
a  complete  solution  of  the  problem  of  securing  quantitative  results 
under  such  conditions  was  impossible  in  the  time  available,  certain 
of  the  variables  which  present  themselves  in  such  a  problem  were 
assumed  to  be  constant:  (a)  the  material  to  be  sand-blasted;  (6) 
the  character  of  its  surface;  (c)  the  air-pressure  best  to  use  with 
each  of  these  materials  and  conditions;  (d)  the  size  of  nozzle  for 
different  classes  of  work;  (e)  the  angle  to  the  surface  of  the  work 
at  which  the  nozzle  should  be  held;  (/)  the  distance  from  the  work 
at  which  the  nozzle  should  be  held ;  (g)  size,  sharpness,  kind,  character, 
uniformity  of  size,  and  cleanliness  of  the  sand,  and  the  number  of 
times  it  has  been  previously  used  for  sand-blasting;  (h)  the  relative 
dryness  of  the  sand  and  of  the  compressed  air  of  the  blast;  (i)  the 
proportion  of  sand  to  air;  (j)  differences  in  commercial  machines. 
2     The  conditions  of  this  set  of  tests  were  as  follows: 

a  The  material  was  pieces  of  cast-iron  which  had  been 
broken  as  test  bars  for  transverse  tests.  They  were  2  in. 
by  4  in.  in  cross-section  and  from  15  to  25  in.  long.  They 
had  been  cast  diagonally  on  edge  in  one  mold  from  one 
ladle  of  machinery  iron... 
b  Their  rough  surfaces  were  as  uniform  as  were  the  bars  them- 
selves, 
c  A  new  nozzle,  Ye  in.  in  diameter,  was  used  for  each  test. 
To  remove  any  unevenness  of  the  interior  surface  of  the 
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nozzles,  and  to  bring  them  all  exactly  to  the  same  con- 
dition, sand  was  bloA\Ti  through  each  for  2  minutes 
previous  to  starting  the  tests.  No  tests  have  yet  been 
made  with  other  sizes  of  nozzles. 
d  The  sand  used  was  a  No.  3- J  Cape  May  grit,  new,  hard, 
sharp,  clean,  free  from  clay,  and  was  such  as  is  commonly 
used  by  the  trade.  It  was  obtained  from  a  large  storage 
bin  in  the  works.  It  was  thoroughly  dried  in  a  Pang- 
born  No.  1,  Type  M,  sand  dryer,  shortly  before  being 
used.     Great  care  was  taken  to  avoid  overheating  it  and 


Fig.  1    Sand-Blasting  Machine 


so  destroying  its  strength  and  cohesion.  The  sand  was 
then  passed  through  a  No.  8  mesh  screen.  After  use  in 
the  machine,  it  was  weighed,  sifted,  reweighed,  and  dis- 
carded.    New  sand  was  used  for  each  test. 

e  The  sand  was  dried  as  above  described.  The  compressed 
air  was  passed  through  a  separator  to  relieve  it  of  moisture 
from  the  atmosphere  and  oil  from  the  compressor. 

/  No  attempt  was  made  to  regulate  and  adjust  the  propor- 
tion of  air  to  sand.  All  tests  were  run  with  the  regulat- 
ing valve  wide  open. 
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g  No  comparisons  were  made  of  the  operations  or  results  from 
different  macliines  on  the  market. 

3  Upon  the  three  remaining  variables,  the  air  pressure,  the  angle 
between  the  surface  of  the  work  and  the  nozzle,  and  its  distance  from 
the  work,  the  quantitative  experiments  were  made. 

EQUIPMENT 

4  The  regular  equipment  of  the  D.  A.  Ebinger  Sanitary  Manu- 
facturing Company  at  Columbus,  Ohio,  was  used  for  these  tests.     It 


Fig.  2     Regulating  and 
Controlling  Valves 


Fig.  3    Mixing  Chamber 
FOR  Air  and  Sand 


had  been  recently  installed  for  use  in  sand-blasting  cast-iron  ware 
before  enamelling.  It  consisted  of  one  No.  8,  Type  C,  sand-blast- 
ing machine,  made  by  the  Thomas  W.  Pangborn  Company,  Jersey 
City,  N.  J.,  having  a  sand  capacity  of  4000  lb.  per  charge.  It  was 
provided  with  a  moisture  separator,  pneumatic  sand  separator,  dust 
catcher,  and  exhaust  fan.  The  air  was  compressed  by  a  Fairbanks, 
Morse  &  Company  air  compressor,  having  a  capacity  of  138  cu.  ft.  of 
free  air  per  minute,  and  driven  by  an  opposed  gas  engine  of  25  h.p. 
capacity. 
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5  Fig.  1  shows  the  machine  and  Fig.  2  the  regulating  and  con- 
troUing  valves.  Fig.  3  shows  the  mixing  chamber  for  the  air  and 
sand.  Fig.  4  shows  a  plan  of  the  rooms  and  apparatus.  Fig.  5 
shows  the  sand-blasting  box  and  sand-catcher.  Fig.  6  shows  a  photo- 
graph of  the  machine,  blasting  room  and  apparatus.  Table  1  gives 
the  record  of  the  tests  and  the  results.  Figs.  7  to  9  graphically  show 
the  results  obtained. 

OPERATION    OF   THE   MACHINE 

6  The  compressed  air,  coming  from  the  compressor,  enters  the 
moisture  and  oil  separator  at  the  left  of  the  machine,  passes  through 
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Fig.  4    Location  and  Arrangement  of  Apparatus 


the  air  regulator  a,  which  has  an  indicator-handle  working  over  a 
graduated  disc,  enters  and  passes  down  through  the  cylinder  6,  inside 
the  machine,  then  through  the  air  ports  in  the  piston  c,  and  engages 
the  entering  sand.  The  ports  in  the  top  of  the  cylinder,  one  of  which 
is  shown,  deliver  the  air  to  the  sand  chamber,  so  as  to  maintain  equal 
pressure  above  the  sand  and  to  assist  in  insuring  uniform  flow.  The 
sand-controller  handle,  d,  moves  on  a  quadrant,  having  limit  stops 
for  its  off  and  on  full  positions.     This  handle  permits  the  piston  c 
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to  be  rotated  in  its  casing  e,  thereby  opening,  regulating  and  closing 
the  sand  ports  by  a  single  control.  The  stirrer  and  handle  /  con- 
nect with  its  fork  which  operates  inside  of  the  piston  and  mixing 
chamber  for  dislodging  caked  sand  that  may  form  under  certain  con- 
ditions. Ports,  elliptical  in  shape,  are  located  in  opposite  sides  of 
both  the  piston  c  and  the  casing  e,  and  are  inclined  downwards, 
so  starting  the  flow  of  the  sand  by  gravity.  The  rotation  of  the  pis- 
ton by  the  controller  handle  regulates  the  opening  of  the  ports  and 
the  flow  of  sand.  The  sand  on  leaving  the  ports  is  met  by  the  air 
coming  through  the  ports  in  the  piston.  They  cross  each  other  from 
opposite  sides  into  the  mixing  chamber  g.     By  this  cross  flow,  a  swirl- 


Faco  of 
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/  Mind  of  Nozzle 

// 

<^Q^/       X  Distance  of  Casting  from  Nozzle 
'    ■  O  Angle  of  Blast 


Fig.  5    Sand-Blasting  Box  and  Sand  Catcher 

ing  motion  is  produced  and  a  thorough  mixture  of  the  sand  and  air 
is  obtained  in  the  rear  part  of  the  mixing  chamber.  The  mixture  is 
carried  forward  by  the  air  pressure  from  the  rear  part,  2|  in.  in 
diameter,  to  the  hose  connection  where  it  is  f  in.  in  diameter,  thence 
through  the  hose  to  the  nozzle,  whence  it  is  projected  upon  the  cast- 
ing to  be  sand-blasted. 

MEASUREMENT   OF   THE   AIR 

7  The  air  used  was  measured  by  a  pitotmeter  placed  horizon- 
tally in  a  run  of  straight  1^-in.  standard  welded  pipe  in  the  main 
air  line,  and  located  at  a  distance  from  any  fitting.     The  opening. 
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I  ill.  in  diameter,  of  the  dynamic  tube  faced  the  current  of  air  from 
the  receiver  tank.  The  end  of  the  static  tube  was  trimmed  off  fius}! 
with  the  interior  of  the  pipe.  The  tubes  were  connected  by  |-in. 
pipes  to  the  ends  of  a  water  manometer.  The  difference  in  the  levels 
of  the  liquid  in  the  two  legs  of  the  manometer  indicated  the  differ- 
ence between  the  dynamic  and  static  pressures,  and  is  a  measure  of 
the  velocity  head  in  inches  of  water.  From  the  formula,  v^  =  2gh, 
the  velocity  of  the  air  in  the  pipe  was  calculated.  Deducting  the 
area  of  the  dynamic  tip  from  the  area  of  the  opening  in  the  pipe,  gave 
the  net  area  of  the  air  pipe.  The  coefficient  of  discharge  was  taken 
as  0.91.  To  remove  the  moisture  that  collected  in  the  tubes,  valves 
Avere  placed  in  each  of  the  tubes  above  the  manometer,  and  pet  cocks 


Fig.  6    View  of  Machine  and  Apparatus  in  Blasting  Room 

placed  in  the  tubes  directly  above  the  valves.  This  arrangement 
permitted  the  blowing  out  of  each  tube  before  taking  a  reading  of  the 
pitotmeter.  The  temperature  of  the  air  in  the  line  was  taken  just 
before  it  entered  the  stop  valve  at  the  machine.  Calibrated  pressure 
gages  in  the  line  and  at  the  machine  gave  the  desired  pressures. 


MEASUREMENT    OF   THE    SAND 

8  To  collect  the  sand  used  during  each  test  and  also  to  control 
the  blast,  a  closed  box  with  a  hopper  bottom  and  a  shelf  at  one  end 
to  support  the  test  bar  was  prepared,  as  is  shown  in  Fig.  5.  The 
sand  discharged  during  a  test  was  collected  in  the  hopper,  removed, 
and  weighed  as  total  sand  used.  It  was  then  sifted,  and  again  weighed, 
thus  giving  by  difference  the  amount  of  sand  rendered  useless  by  the 
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test,  and  the  amount  of  sand  that  might  be  used  again  in  commercial 
practice.     It  was  not  again  usctl  in  these  tests. 

MEASUREMENT    OF    THE    IRON    REMOVED 

9     The  test  bar  was  held  in  a  vertical  position  in  the  sand-blasting 
box.     Before  and  after  blasting,  it  was  carefully  weighed  on  a  plat- 
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Fig.  7     Results  of  Tests   in  Relation   to  Air  Pressure   at  Machine 

form  scale  of  250  lb.  capacity  by  quarter  ounces.     The  scale  was 
carefully  balanced  before  each  weighing. 


1698 


TESTS  OF  A  SANi;-ELASTING  1VL\CHINE 


METHOD   OF  MAKING  THE  TESTS 

10  In  each  test  the  new  nozzle  was  first  brought  to  a  uniform  con- 
dition by  discliarging  a  bhist  of  sand  and  air  through  it  for  2  min- 
utes under  a  constant  bhxst  pressure.  The  test  bar  was  weighed  and 
placed  in  position  in  the  closed  hopper  box.  The  nozzle  was  then 
set  by  scale  for  its  distance  from  the  test  bar  and  by  bevel  .protractor 
for  its  angle  with  the  surface  of  the  test  bar.  The  air  regulator  a 
was  kept  wide  open  during  the  tests.     The  desired  air  pressure  in  the 
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Fig.  8    Results  of  Tests  in  Relation  to  Angle  of  Blast 


machine  was  secured  and  maintained  constant  by  adjusting  the  stop 
valve  in  the  supply  pipe  to  the  moisture  separator.  After  starting  the 
air  blast  and  carefully  adjusting  the  valve  to  maintain  a  constant  pres- 
sure at  the  machine,  the  sand-controller  handle  d  w^as  moved  to  its 
open  position  at  the  instant  of  starting,  thus  allowing  sand  to  flow 
into  the  mixing  chamber  and  be  forced  by  the  blast  of  air  out  through 
the  nozzle  and  against  the  test  piece.  Readings  of  the  temperature 
;ir(l  pressures  of  the  air  on  the  main  line  and  at  the  machine  were 
tak(  n  at  regular  intervals  of  about  2  minutes.  In  closing  down 
il  o  n.;i chine  at  the  end  of  a  test,  the  sand  valve  was  first  closed  and 
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then  the  air  valve;  the  test  bar  was  weighed,  and  the  difference  of 
the  two  weights  gave  the  amount  of  iron  removed;  the  sand  discharged 
was  weighed,  sifted  and  again  weighed. 


VARIABLES   OF   THE   TESTS 


11     Starting  at  20  lb.  corrected  pressure  at  the  machine  on  the 
first  test,  and  increasing  by  10  lb.  up  to  and  including  70  lb.  pres- 


4  5  6  :  8  9  10 

distance  of  test  bar  from  nozzle,  in. 

Fig.  9    Results  of   Tests   in   Relation   to   Distance   of   Nozzle   from 

Work 


sure,  the  variation  in  the  effectiveness  of  the  blast  due  to  increase  of 
pressure  was  obtained,  with  the  nozzle  set  at  45  deg.  and  at  8  in.  from 
the  test  bar. 

12     In  the  second  series  of  tests,  a  constant  pressure  of  60  lb.  was 
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TABLE  1    TESTS  OF  SAND-BLASTING  MACHINE, 


1  Number  of  test 

2  Diameter  of  nozzle,  in 

3  Angle  of  blast,  deg 

4  Distance  of  nozzle  from  casting,  In 

5  Length  of  run,  min 

6  Air  presssureat  sand-blasting  machine,  lb. 

7  Air  pressure  in  line,  lb.,  corrected 

8  Barometric  pressure,  in.  mercury 

9  Temperature  of  air,  deg.  fahr 

10  Pitotmeter  reading,  In.  water 

11  Velocity  head,  ft.  water 

12  Volume  as  free  air  of  1  cu.  ft.  of  compressed 

air  under  actual  conditions 

13  Weight  of  1  cu.  ft.  of  water  at  temperature 

of  air  in  line 

14  Weight  of  1  cu.  ft.  air  at  actual  pressure  and 

temperature 

15  Head  of  compressed  air  equivalent  to  1  ft. 

of  head  of  water 

16  Velocity  head.  ft.  air 

17  Velocity  In  air  line,  ft.  per  eec 

18  Cu.  ft.  compressed   air   per   min.   at  line 

pressure  and  temperature 

10    Equivalent  free  air,  cu   ft.  per  min 

20  Weight  of  test  bar  before  blasting,   lb 

21  Weight  of  test  bar  after  blasting,  lb 

22  Iron  removed,  lb 

23  Iron  removed,  lb.  per  min ' 

24  Iron  removed,  lb.  per  100  cu.  ft.  of  free  air 

flowing  per  min 

25  Sand  discharged,  lb 

26  Sand  discharged,  lb.  per  min 

27  Sand  discharged,  lb.  per  100  cu.  ft.  of  free 

air  flowing  per  min 

28  Usable  sand  remaining,  lb 

29  Usable  sand  remaining,  lb.  per  min 

SO    Usable  sand  remaining,  per  cent 

31  Sand  consumed,  lb 

32  Sand  consumed,  lb.  per  min 

33  Sand  consumed,  lb.  per  100  cu.  ft.  of  free 

air   flowing  per  min 

34  Sand  discharged    per  lb.  of  iron  removed, 

lb 


Pressure  Variable 
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133.0 
0.6253 
6.342 

4.866 
28.21 
44.5469 
44.4765 
0.0704 
0.00469 

0.01663 
255  0 
17.0 

60.27 
226.0 
15.1 
88.6 
29.0 
1.03 

6.843 

3625.0 


139.9 
0.8111 
7.223 

5.543 
30.53 
41.3906 
41.3125 
0.0781 
0.00601 
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20 

40 

76.1 

29.35 

82.00 
0.085 
0.0071 

5.607 

62.21 

0.4526 

137.4 
0.9758 
7.922 

8.079 

34.09 

36.4531 

36.2969 

0.1562 

0.00781 


0.01969   0.02291 
262.0    512.0 
20.2     25.6 


66.19 
230.0 
17.7 
87.8 
32.0 
2.46 

8.059 


3361.0 


75.10 
420.0 
21.0 
82.0 
92.0 
4  60 

13.50 

3278.0 
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75.0 

29.35 

83.20 
0.112 
0.0093 

5.527 

62.20 

0.4462 

139.4 
1.296 
0.132 

7.007 

38.73 

41.6094 

41.3906 

0.2188 

0.01094 

0.02825 
631.0 
31.fi 

81.34 
504.0 

25.2 

80.0 

127.0 

6.35 

16.40 

2879.0 
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75  0 

29.30 

87.50 
0.135 
0.0113 

5.483 

62.16 

0.4427 

140.4 
1.567 
10.10 

7.753 

42.51 

41.3125 

41.1563 

0.1562 

0.01562 

0.03675 
369.0 
36.9 

86.81 
275.0 
27.5 
74.5 
94.0 
0.40 

22.11 

2362.0 
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0.150 
0.0125 

5.648 
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1.706 
10.47 

8.038 

45.40 
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0.02031 

0.04473 
415.0 
41.5 

01.41 
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29.3 
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122.0 
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Lines  6  and  7  give  corrected  gage  readings. 

492       P 

Line  12  is  obtained  from  the  characteri.stic  equation  for  perfect  gases  Vi  =  X  ~,  by  taking  the 

14.7       T 

absolute  pressures  and  temperatures  corresponding  to  the  readings  given  on  Lines  7  and  9. 

Line  13  is  taken  from  p.  688  of  Kent's  Pocket  Book  for  the  temperatures  given  on  Line  9. 

Line  14  =  Line  12  X  weight  of  1  cu.  ft.  free  air.  Line  19  =  Line  18  X  Line  12 


Line  15 


Line  13  Line  22 

:- Line  23  = 

Line  14  Line  5 

Line  16  =  Line  15  X  Line  11  100  (Line  23) 

,  ,      ,,  ,  / Line  24  = 

Line  17  =  8.02  V  Line  16  Line  19 

Line  IS  =  Line  17  X  net  area  of  pipe  in  »q.  ft.  X  coefficient  of  discharge  X  60 
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89.66 
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79.44 
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0.140 
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0.127 
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0.208 

0.0117 

0.0113 

0.0128 

0.0117 

0.0108 

0.0106 

0.0113 

0.0104 

0.0173 
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maintained  at  the  machine,  and  the  nozzle  set  at  8  in.  from  the  test 
bar.  The  angle  was  varied  from  30  to  90  deg.  The  effectiveness  of 
these  angles  of  blast  was  in  this  way  obtained. 

13  In  the  third  series  of  tests,  the  distance  of  the  nozzle  from  the 
test  piece  was  varied,  the  angle  being  set  at  45  deg.  and  the  air  pres- 
sure maintained  constant  at  60  lb. 

OBSERVATIONS 

14  It  was  noted  that  with  no  sand  flowing,  the  quantity  of  air 
flowing  approximated  the  theoretical  discharge  for  the  nozzle.  On 
turning  on  the  sand,  the  quantity  of  air  flowing  immediately  de- 
creased; and  when  the  sand  was  "on  full,"  the  amount  of  air  dis- 
charged was  only  40  to  50  per  cent  of  the  original  quantity. 

15  With  constant  air  pressure  and  with  the  sand-controller  lever 
in  its  "  on  full "  position,  on  account  of  the  variation  in  the  openings  of 
the  sand  and  air  ports  of  the  machine,  about  30  tests  were  required 
to  be  made  in  order  to  get  even  fairly  concordant  results  for  the  pounds 
of  sand  discharged  per  100  cu.  ft.  of  free  air  flowing  per  minute,  as 
shown  on  Line  27,  Table  1.  For  constant  pressure,  variations  in 
the  pitotmeter  readings  were  due  to  the  variations  in  the  sand  flow- 
ing. As  the  quantity  of  sand  decreased,  the  velocity  and  quantity 
of  air  increased,  but  the  quantity  of  sand  discharged  per  pound  of 
iron  removed  also  decreased.  This  can  be  seen  by  comparing  the 
readings  on  Line  34  for  tests  7  and  7 A.  It  would  seem  that  further 
experiments  might  prove  that  at  other  angles  than  30  deg.,  and  at 
other  distances  than  8  in.,  and  at  other  pressures  than  60  lb.,  less 
sand  would  be  used  per  pound  of  iron  removed  if  the  sand-regulating 
valve  was  not  open  so  much.  This  would  make  the  energy  of  the 
individual  grain  of  sand  greater  and  its  blasting  effect  larger.  Fur- 
thermore, there  would  be  less  piling  up  of  the  sand  on  the  surface 
being  sand-blasted. 

RESULTS 

16  From  these  quantitative  experiments  on  a  cast-iron  test  bar 
for  these  three  variables,  within  the  limits  used,  the  results  as  given 
in  Table  1  and  graphically  shown  in  Figs.  7,  8  and  9,  are  as  follows: 

a  For  a  constant  distance  of  8  in.,  and  at  a  constant  angle  of 
45  deg.,  betweein  the  nozzle  and  the  test  bar,  the  equiva- 
lent amount  of  free  air  delivered  per  minute,  the  iron  re- 
moved, the  sand  discharged,  and  the  sand  used  up  per 
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100  cu.  ft.  of  free  air  flowing  per  minute,  vary  directly 
with  the  pressure;  the  per  cent  of  usable  sand  remaining, 
and  the  amount  of  sand  discharged  per  lb.  of  iron  removed 
vary  inversely  Avith  the  air  pressure  in  the  machine. 
(See  Lines  19,  24,  27,  33,  30,  and  34,  Fig.  7.) 

h  With  a  constant  pressure  of  60  lb.  in  the  machine,  and  a 
fixed  distance  of  8  in.  from  the  nozzle  to  the  test  bar,  the 
largest  amount  of  metal  was  removed,  and  the  least 
amount  of  sand  was  required  to  do  it,  when  the  angle 
between  the  nozzle  and  the  surface  of  the  work  was  from 
40  to  60  deg.     (See  Lines  24  and  34,  Fig.  8.) 

c  With  a  constant  pressure  of  60  lb.  in  the  machine  and  a  con- 
stant angle  of  45  deg.  between  the  nozzle  and  the  surface 
of  the  test  bar,  the  largest  amount  of  metal  was  removed, 
and  the  least  amount  of  sand  was  required  to  do  it,  when 
the  distance  from  the  nozzle  to  the  work  was  about  6  in. 
(See  Luies  24  and  34,  Fig.  9.) 

d  With  a  constant  pressure  of  60  lb.  and  a  fixed  distance  of  8 
in.  from  the  nozzle  to  the  test  bar,  the  amount  of  sand 
used  up  varies  as  the  directness  of  the  blast.  (See  Line 
33,  Table  1.) 

e  With  a  constant  pressure  of  60  lb.,  and  a  constant  angle  of 
45  deg.  between  the  nozzle  and  the  test  bar,  the  amount 
of  sand  used  up  varies  inversely  with  the  distance  of  the 
nozzle  from  the  test  bar.     (See  Line  33,  Fig.  9.) 

/  For  a  constant  angle  of  45  deg.,  and  a  fixed  distance  of  8 
in.  between  the  nozzle  and  the  test  bar,  twice  as  much 
metal  was  removed  at  56  lb.  pressure  as  at  20  lb.;  at  64 
lb.  as  at  30  lb.;  and  at  72  lb,  pressure  as  at  40  lb.  (See 
Line  24,  Fig.  7.) 

g  With  a  constant  pressure  of  60  lb.,  and  a  constant  distance 
of  8  in.  between  the  nozzle  and  the  test  bar,  over  20  per 
cent  more  metal  was  removed  with  the  nozzle  held  at  45 
deg.  than  at  90  deg.  to  the  test  bar. 

h  With  a  constant  pressure  of  60  lb.,  and  a  constant  angle  of 
45  deg.  between  the  nozzle  and  the  test  bar,  60  per  cent 
more  metal  was  removed  when  the  nozzle  was  held  at  6 
in.  than  at  10  in.  from  the  test  bar. 
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CONCLUSION 

17  Unless  it  can  be  shown  that  the  extra  cost  of  compressing  100 
cu.  ft.  of  free  air  per  hour  to  a  pressure  of  70  or  80  lb.  per  sq.  in.  ex- 
ceeds the  cost  to  compress  it  to  30  or  40  lb.  by  the  cost  of  an  hour  of 
labor  (25  cents),  the  higher  pressures,  delivered  at  an  angle  of  about 
45  deg.,  and  at  a  distance  of  about  6  in.  from  the  work,  are  to  be  pre- 
ferretl  for  the  sand-blasting  of  cast  iron. 


STANDARD  CROSS-SECTIONS 

By  H.  de  B.  Parsons,  New  York 
Member  of  the  Society 

The  advantage  of  a  uniform  method  for  cross-sectioning  drawings 
so  as  to  indicate  graphically  the  materials,  is  so  obvious  that  it  needs 
no  argument.  For  some  years  the  tendency  has  been  in  this  direc- 
tion, with  the  result  that  many  materials  are  represented  on  drawings 
by  substantially  uniform  methods  of  cross-sectioning. 

2  The  author  suggests  that  this  Society  promote  this  question  of 
the  use  of  uniform  methods  for  indicating  materials  on  engineering 
plans,  and  to  this  end  supplements  this  paper  with  a  sheet  of  typical 
standard  cross-section  designs  (Fig.  1). 

3  Communications  were  sent  by  the  author  to  engineers,  manu- 
facturers, engineering  societies  and  others  having  occasion  to  make 
cross-sectional  drawings,  in  the  United  States,  England,  France 
and  Germany,  asking  that  they  submit  the  standards,  if  any,  used  by 
them.  The  replies  were  given  to  the  writer's  assistant,  Mr.  David 
C.  Johnson,  who  tabulated  them  and  prepared  the  accompanying 
sheet  of  standard  sections  (Fig.  1),  so  that  they  might  agree  so  far  as 
possible  with  the  standards  now  in  use. 

4  It  is  not  practical  to  indicate  every  material  by  standard  cross- 
sectioning,  because  there  are  so  many  alloys  and  materials  of  like 
nature  which  can  always  best  be  defined  by  lettering  on  the  drawing. 

5  The  author  believes  that  such  a  standard  form  as  the  one  sub- 
mitted would  meet  all  requirements  and  create  uniformity  in  prac- 
tice which  would  be  very  desirable.  Many  have  adopted  standards 
of  their  own,  but  it  would  seem  to  be  better  if  the  same  standards 
were  used  by  all. 


The  American  Society  of  Mechanical  Engineers,  29  West  39th  Street, 
New  York.     All  papers  are  subject  to  revision. 
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GAS  POWER  SECTION 

PRELIMINARY  REPORT  OF  LITERATURE 
COMMITTEE 

(XII) 

ARTICLES  IN  PERIODICALS' 

Diesel  Engine,  335-B.h.p.     The  Engineer  {London),  October  27,  1911.    §  p., 
1  fig.     hJB. 

Describes  a  4-cyllnder,  4-cycle  engine,  335  maximum  b.h.p.  at  220  r.p.m.,  15  In.  cylinder,  22  In. 
stroke,  buUt  by  Williams  &  Robinson. 

Diesel  Engines  for  Sea-Going  Vessels,  J.  T.  Milton.    Journal  American 
Society  Naval  Engineers,  Aitgust  1911.    27  pp.,  9  curves. 

Read  before  the  52d  session  of  the  Institute  of  Naval  Architects,  April  6,  1911. 

Gas  Engines:  Their  Design  and  Application,  E.N.Percy.    International 
Marine  Engineering,  November,  1911.    2  pp.,  1  table. 
Continued  from  October  International  Marine  Engineering. 

Gasgenerator,  Ein  Neuer  Amerikanischer.    Der  Praktische  Maschinen- 
konslrukteur,  August  31,  1911.    2  pp.,  2  figs.     bC. 
Describes  the  gas  producer  made  by  the  Gibbs  Gas  Engine  Co.,  Atlanta,  Ga. 

Gasturbinen,  "Dber,  p.  Langer.     Stahl  und  Eisen,  October  19,  1911.    5  pp., 
6  figs.,  3  curves,     bdef. 

Article  on  gas  turbines. 

Gazogene  pour  Charbons  bitumineux.    Le  Mois  Scientifique  et  Industrielle, 
August  1911.     1  p.,  3  figs. 
Bituminous  coal  gas  producer.    Extract  from  The  Practical  Engineer,  London,  May  26,  1911. 

GazogJines;  leur  histoire,  leur  rendement,  M.  Dowson.     Le  Mois  Scien- 
tifique et  Industrielle,  August  1911.     6  figs.,  4  tables,     df. 
Gas  producers;  their  history  and  operation.    Extract  from  Engineering,  May  5,  i911. 


1  Opinions  expressed  are  those  of  the  reviewer  not  of  the  Society.  Articles 
are  classified  as  a  comparative;  b  descriptive;  c  experimental;  d  historical; 
e  mathematical;  /  practical.  A  rating  is  occasionally  given  by  the  reviewer, 
as  A^  B,  C.     The  first  installment  was  given  in  The  Journal  for  May  1910. 
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D'Hydrocarbures  dans  les  garages  d'Omnibus  Automobile  Syst^me  Mar- 
tini ET  Huneke,  Etablissement  des  Depots,  M.  A.  Manage.  Journal 
SocUU  des  higSnieurs  Civils  de  France,  August  1911.  28  pp.,  7  figs.,  2  tables. 

Description  and  plans  of  the  fire-proof  storage  houses  for  gasolene  of  the  Paris  Automobile 
Omnibus  Co. 

Internal-Combustion  Engine,  A  New.  The  Iron  Age,  October  12, 1911.  1  p., 
2  figs.    h. 

New  type  of  4-cylinder,  4-cycle,  water-cooled  gasolene  motor. 

Internal-Combustion  Engine  for  Naval  Purposes,  The.  The  Engineer 
{London),  October  27,  1911.     1  p.     adJA. 

Article  sets  forth  what  has  been  done  towards  finally  replacing  the  steam  engine  with  the  oil 
engine  on  shipboard. 

Moteur  a  combustion  interne  perfectionne  a  deux  temps.  Le  Mois 
Scientifique  el  Indusirielle,  August  1911.    21  pp.,  6  figs. 

Improved   2-cycle,   Internal-combustion    engine.     Extract   from   The    Engineer,    (London) 
May  19,  1911. 

Moteurs  a  P:6trole.  Revue  de  M4canique,  September  SO,  1911.  19J  pp.,  70 
figs.,  1  table,  1  curve,    b. 

Brief  accounts  of  various  oil  engines  are  represented  by  patent  records. 

Moteur  Diesel  A  grande  vitessb,  Rechbrches,  Thermodynamiques  sur  le, 
M.  Seileger.  Revue  de  MScanique,  September  30,  1911.  17  pp.,  3  figs., 
9  tables,  7  curves.    A. 

Describes  thermodynamic  researches  of  300-h.p.  Diesel  engine. 

Oil  Engines,  Modern  Diesel,  F.  Schubeler.  Journal  American  Society  of 
Naval  Engineers,  August  1911.     14  pp. 

Before  the  Zurich  meeting  of  The  Institution  of  Mechanical  Engineers,  July  1911. 

Producer  Gas  Canal  Tugboat,  A.     Power,  October  17,  1911.    2  pp.,  3  figs,     b- 

Describes  boat  and  its  power  equipment. 

Producer  Gas,  Two  Marine  Installations  of,  C.  B.  Page.  Transactions 
Society  of  Naval  Architects  and  Marine  Engineers,  Vol.  18,  p.  219.  7  pp., 
4  figs.,  1  curve. 

Before  the  Society  of  Naval  Architects  and  Marine  Engineers. 

RoHOELMOTOREN  Neuere,  Ch.  Pohlmann.  Dinglers  Polytechnisches  Journal, 
October  7,  H,  21,  28,  1911.     21  pp.,  34  figs.,  6  tables,  8  curves.    A. 

Description,  design,  tests  and  construction  of  new  crude  oil  motors. 
SCHIFFS    DiESELMOTOR     IN    RuSSLAND,    DeR   ViERTAKT,    R.    MuRAUER.      Zeit- 

schrift  des  Vereines  deutscher  Ingenieure,  September  SO,  1911.    5J  PP-,  12 
figs.,  2  tables,  bf. 

The  4-cycIe  marine  Diesel  engine  in  Russia. 
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Suction  Gas  Engines  and  Pkoducers,  W.  A.  Tookey.  Engineering ,  October 
6,  1911.     3J  pp.,  G  tables,  G  curves,     ac. 

Comparison  of  test  performances  with  results  obtained  In  dally  operation,  and  notes  on  working 
costs  for  fuel,  oil,  labor,  etc. 

Teer  zum  Betriebe  von  Dieselmotoren,  Verwendung  von,  W.  AUner- 
Denan.  Journal  f-iir  Gas  and  Wasserversorgung ,  October  21,  1911.  6  pp., 
4  tables,  6  curves. 

The  use  of  tar  In  Diesel  engines. 

Torfgaskraftanlage  auf  der  Ost  deutschen  Ausstellung  Posen,  1911, 
Die.     Dinglers  Polytechnisches  Journal,  October  28,  1911.     3  pp.,  5  figs.  A. 

Description  of  a  peat  gas  producer  and  peat  gas  engine. 

Valve  Gear,  The  Jenckes.     The  Iron  Age,  October  12,  1911.    2  pp.,  2  figs.  b. 

A  Corliss  type  gear  for  gas  engines. 
WiRTSCHAFTLICHKEIT    DER    GlEICHDRUCK-GaS-UND-GaS-DaMPF-TuRBINEN,    J. 

Nadrowski.     Die  Turbine,  October  5,  1911.     ?>\  pp.,  20  curves,     e. 

Contribution    to  the  question  of  the  economy  of  constant-pressure  turbines  and  of  gas-steam 
turbines. 


GENERAL  NOTES 

NATIONAL  SOCIETY  FOR  THE  PROMOTION  OF  INDUSTRIAL  EDUCATION 

The  annual  convention  of  the  National  Society  for  the  Promotion  of  Indus- 
trial Education  was  held  in  Cincinnati,  Ohio,  November  2-4.  The  general 
topic  discussed  on  the  first  day  of  the  convention  was  Cincinnati's  Experience 
in  Industrial  Education,  and  among  the  papers  presented  were:  Cooperative 
plan  of  the  University  of  Cincinnati,  Prof.  Herman  Schneider ;  Vocational  Plans 
in  the  High  School,  P.  A.  Johnston;  Part-Time  School  for  Apprentices,  J.  H. 
Renshaw;  The  Ohio  Mechanic's  Institute,  J.  L.  Shearer.  The  subjects  pre- 
sented the  second  day  were:  What  Types  of  Continuation  Schools  are  Most 
Needed  in  American  Conditions,  What  can  be  done  for  the  Factory  Worker 
Through  Industrial  Education,  Industrial  Education  Necessary  to  the  Econom- 
ical Development  of  the  United  States,  and  Should  Trade  Schools  for  Youths 
above  Sixteen  Years  of  Age  be  Provided  at  Public  Expense.  These  subjects 
were  discussed  by  many  prominent  in  the  educational  and  industrial  field. 

AMERICAN   ROAD    BUILDERS'    ASSOCIATION 

The  annual  convention  of  the  American  Good  Roads  Congress  and  the  Amer- 
ican Road  Builders'  Association  was  held  at  Rochester,  N.  Y.,  November  14- 
17.  The  papers  read  were:  Highway  Administration,  J.  A.  Bensel;  Adapta- 
bility of  Roads  and  Pavements  to  Local  Conditions,  Nelson  P.  Lewis;  Prob- 
ems  of  Construction,  W.  W.  Crosby,  Mem.Am.Soc.M.E.;  Problems  of  the 
Contractor,  C.  A.  Crane;  and  Maintenance  of  Roads  and  Pavements,  James 
Owen,  Mem.Am.Soc.M.E.  An  illustrated  lecture  was  also  given  which 
included  the  subjects,  European  Roads,  A.  H.  Blanchard;  American  Roads, 
P.  D.  Sargent;  New  York  Roads,  by  a  representative  of  the  New  York  State 
Commission  of  Highways. 

THE  SOCIETY  OF  NAVAL  ARCHITECTS  AND  MARINE  ENGINEERS 

The  annual  meeting  of  the  Society  of  Naval  Architects  and  Marine  Engi- 
neers was  held  in  the  Engineering  Societies'  Building,  New  York,  November 
16-17.  The  subjects  presented  included  the  following:  On  the  INIaximum 
Dimensions  of  Ships,  Sir  William  H  White,  Hon.  Mem.Am.Soc.M.E.;  Dock 
Facilities  of  New  York  City;  Present  Facilities  and  Proposed  Improvements 
and  Enlargements,  W.  J.  Barney;  Some  Model  Basin  Investigations  of  the 
Influence  of  Forms  of  Ships  upon  Their  Resistance,  D.  W.  Taylor;  The  Resist- 
ance of  Some  Types  of  Merchant  Vessels  in  Shallow  Water,  H.  C.  Sadler; 
Panama  Canal  and  American  Commerce,  Lewis  Nixon;  Experiments  on  the 
Froude,  Prof.  C.  H.  Peabody;  The  Effects  of  Waves  upon  a  Taffrail  Log,  Prof. 

1710 


GENERAL  NOTES  1711 

H.  A.  Everett;  The  Raising  of  the  Dry  Dock  Dewey,  L.  S.  Adams;  The  Best 
Arrangements  for  Combined  Reciprocating  and  Turbine  Engines  on  Steam- 
ships, G.  W.  Dickie,  Mem.Am.Soc.M.E.;  Various  Arrangements  of  Turbine 
Propulsive  Machinery,  E.  H.  B.  Anderson;  Ship  Calculations,  Derivation  and 
Analysis  of  Methods,  T.  G.  Roberts;  Economy  in  the  Use  of  Fuel  Oil  for 
Harbor  Vessels,  C.  A.  McAllister;  The  Marine  Terminal  of  the  Grand 
Trunk  Pacific  Railway,  VV.  T.  Donnelly,  Mem.Am.Soc.M.E.;  Cargo  Trans- 
ference at  Steamship  Terminals,  H.  McL.  Harding;  Heavy-Oil  Engines  for 
Marine  Propulsion,  G.  C.  Davidson;  Automatic  Record  of  Propeller  Action  in 
an  Electrically  Propelled  Vessel,  W.  L.  R.  Emmet,  Mem.Am.Soc.M.E.;  Some 
Applications  of  the  Principles  of  Naval  Architecture  of  Aeronautics,  William 
McEntee. 

THE   AMERICAN    INSTITUTE    OF   MINING    ENGINEERS 

The  December  meeting  of  the  New  York  Section  of  the  American  Institute 
of  Mining  Engineers  to  be  held  in  the  Engineering  Societies'  Building,  New 
York,  at  a  date  not  yet  determined,  will  be  devoted  to  an  account  of  the  Insti- 
tute's recent  visit  to  Japan,  by  members  who  participated, 

NOVA    SCOTIA    SOCIETY   OF   ENGINEERS 

The  annual  meeting  of  the  Nova  Scotia  Society  of  Engineers  was  held  in 
Halifax,  November  15-16.  Papers  on  the  following  subjects  were  read  and  dis- 
cussed: Development  of  Electric  Power  at  the  Pit  Mouth,  P.  A.  Freeman; 
History  of  Roads  in  Nova  Scotia,  J.  W.  MacKenzie;  Notes  on  Cement  and  Con- 
crete Work,  H.  C.  Burchell. 

AMERICAN    SOCIETY   OF   CIVIL   ENGINEERS 

At  a  meeting  of  the  American  Society  of  Civil  Engineers  on  November  1, 
papers  on  A  Reinforced  Concrete  Stand-Pipe,  and  Retrogression  in  the  Tensile 
Strength  of  Concrete,  were  read.  On  November  15,  Some  of  the  Properties  of 
Oil  Mixed  Portland  Cement  Mortar,  and  A  Reinforced  Concrete  Bridge  across 
the  Almendares  River,  Havana,  Cuba,  were  read  and  discussed. 


PERSONALS 

H.  P.  Ahrnke,  lately  associated  with  Barrett  Manufacturing  Co.,  New  York, 
has  accepted  a  position  with  the  Dairy  Machinery  and  Construction  Co., 
Derby,  Conn. 

Charles  B.  Barnes,  formerly  connected  with  Holabird  &  Roche,  Chicago, 
111.  has  entered  the  service  of  the  Western  Electric  Co.,  as  assistant  works 
engineer  of  the  Hawthorne  Station,  Chicago,  111. 

George  H.  Benton,  formerly  manager  of  the  valve  department  of  the 
Fairbanks  Co.  of  New  York,  has  accepted  the  Presidency  and  Managership 
of  the  Benton  Valve  Co.,  New  York. 

Sydney  Bevin  has  become  associated  with  the  Matheson  Automobile  Co., 
Wilkes  Barre,  Pa. 

J.  G.  Bower,  formerly  sales  agent  of  the  Pressed  Steel  Car  Co.,  Chicago,  111., 
has  become  identified  with  Hale  &  Kilburn  Co.  of  the  same  city. 

C.  D.  Chasteney  has  resigned  his  position  as  sales  manager  of  the  De  Laval 
Steam  Turbine  Co.,  Trenton,  N.  J.,  having  acquired  an  interest  in  the  Turbine 
Equipment  Co.,  New  York,  which  company  represents  the  De  Laval  Steam 
Turbine  Co.  in  New  York  State,  parts  of  New  Jersey  and  Connecticut. 

Howard  B.  Clark  resigned  as  member  of  the  firm  of  Flaherty  &  Clark  on 
June  1st  and  is  now  Eastern  representative  for  the  McNaull-Boiler  Manufac- 
turing Co.  of  Toledo,  O.,  manufacturers  of  water  tube  boilers. 

Dwight  S.  Cole  has  opened  an  office  in  the  Ashton  Building,  Grand  Rapids, 
Mich.,  as  a  consulting  engineer  and  mechanical  expert  and  expects  to  pay 
particular  attention  to  steam  power  plants. 

Fred.  B  Corey  has  accepted  a  position  with  the  Union  Switch  and  Signal  Co., 
Swissvale,  Pa.  He  was  formerly  identified  with  the  General  Electric  Co., 
Schenectady,  N.  Y. 

Claude  E.  Cox  has  been  appointed  resident  manager  of  the  research  depart- 
ment of  the  General  Motors  Co.,  Detroit,  Mich.  Mr.  Cox  was  until  recently 
engineer  and  factory  manager  of  the  H.  E.  Wilcox  Motor  Car  Co.,  Minneapolis, 
Minn. 
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Horace  W.  De  Ved  has  severed  his  connection  with  the  Westchester  Light- 
ing Co.,  Mt.  Vernon,  N.  Y.,  to  accept  the  position  of  superintendent  of  distri- 
bution with  the  N.  Y.  &  Queens  Electric  Light  and  Power  Co.,  Long  Island 
City,  N.  Y. 

John  A.  Doaue  has  been  appointed  manager  of  the  Worcester  Piston  Ring 
and  Machine  Works,  Worcester,  Mass.  IVIr.  Doane  was  recently  in  the  employ 
of  the  American  Optical  Co.,  Southbridge,  Mass.,  in  the  capacity  of  superin- 
tendent of  machine  shops. 

S.  A.  Donaldson  has  left  the  employ  of  Westinghouse,  Church  Kerr  &  Co., 
New  York,  to  accept  a  position  with  the  New  Jersey  Zinc  Co.,  at  their  Palmer- 
ton,  Pa.  plant. 

Robert  Noyes  Fairbanks  has  become  identified  with  Dutilh-Smith,  McMil- 
lan &  Co.,  London,  England.  He  was  until  recently  manager  of  the  Fairbanks 
Co.,  London,  England. 

David  C.  P'enner  has  resigned  his  position  of  sales  manager  of  the  Alden 
Sampson  Manufacturing  Co.,  New  York,  and  has  joined  the  forces  of  the  Saurer 
Motor  Co.,  New  York. 

E.  W.  Hamilton  has  entered  the  employ  of  Harvey  Hubbell,  Inc.,  Bridgeport, 
Conn.,  in  the  capacity  of  mechanical  engineer. 

g^^_Robt.  T.  Hazelton,  until  recently  superintendent  of  the  Bridgeford  Machine 
Tool  Works,  Rochester,  N.  Y.,  has  accepted  a  position  with  the  Cincinnati 
Milling  Machine  Co.,  Cincinnati,  O. 

R.  S.  King,  formerly  associated  with  the  civil  engineering  department  of 
the  Indiana  Steel  Co.,  Gary,  Ind.,  has  become  connected  with  the  engineering 
department  of  Fairbanks,  Morse  &  Co.  of  Chicago,  111.,  having  charge  of  a 
coaling  station  being  erected  by  them  for  the  Chicago  Great  Western  Rail- 
road at  Des  Moines,  la. 

Milton  Kraemer,  formerly  connected  with  the  A.  &  F.  Brown  Co.,  New  York, 
has  become  associate  consulting  engineer  of  the  U.  S.  Gold  Dredging  and  Rub- 
ber Co.  of  Ecquador,  South  America,  with  offices  in  New  York. 

W.  Edward  Lindsaj^,  has  assumed  the  duties  of  consulting  engineer  of  the 
United  Cork  and  Seal  Co.,  Millis,  Mass.  Mr.  Lindsay  was  until  recently  secre- 
tary and  treasurer  of  the  American  Welding  Co.,  Carbondalc,  Pa. 

James  H.  MacLauchlan  has  severed  his  connection  with  the  American 
Cement  Engineering  Co.,  Yorktown.  Va.,  and  has  opened  offices  in  Baltimore, 
Md.,  to  conduct  business  under  the  firm  name  of  J.  H.  MacLauchlan  Engi- 
neering Co. 

Robt.  C.  Monteagle  has  accepted  a  position  with  the  Lockwood  Manufac- 
turing Co.,  East  Boston,  Mass.,  in  the  capacity  of  assistant  manager  and 
engineer.  He  was  lately  connected  with  the  Atlantic  Works,  of  the  same 
city,  as  chief  engineer. 


1714  PERSONALS 

Albert  B.  Moore,  until  recently  associated  with  Woodman  &  Moore,  Chi- 
cago, 111.,  has  been  appointed  treasurer  and  general  manager  of  the  Shedd  Elec- 
tric Co.,  Inc.,  Roselle  Park,  N.  J. 

C  J.  ^Morrison,  who  has  been  holding  the  position  of  manager  of  the  depart- 
ment of  effective  organization  of  Suffern  &  Son,  New  York,  has  been  made  man- 
ager of  the  engineering  department  of  that  firm. 

Charles  C.  Phelps  has  severed  his  connection  with  the  Ferguson  Publish- 
ing Co.,  New  York,  as  editor  of  Steam  and  is  now  with  Stevens  Institute  of 
Technology,  Hoboken,  N.  J.,  having  accepted  the  position  of  manager  of  Cas- 
tle Stevens  which  was  recently  acquired  from  the  Stevens  family  to  serve  as  a 
student  commons  and  dormitory  and  headquarters  for  the  Alumni  and  Faculty 
of  the  Institute.  Mr.  Phelps  will  also  fill  the  offices  of  secretary  of  Stevens 
Alumni  Association  and  editor  of  the  Stevens  Indicator. 

S.  B.  Redfield,  formerly  associate  editor  of  the  American  Machinist  is 
now  engineer  of  tests  for  the  IngeisoU-Rand  Co.,  Phillipsburg,  N.  J. 

Wm.  B.  Sturgis  has  become  connected  with  the  E.  I.  de  Pont  de  Nemours 
Powder  Co.,  Wilmington,  Del.  Mr.  Sturgis  was,  until  recently,  superintendent 
of  the  Dover  White  Marble  Co.,  Wingdale,  Duchess  Co.,  N.  Y. 

George  E.  Titcomb  has  entered  the  employ  of  the  McMyler  Interstate  Co., 
as  Eastern  branch  sales  manager,  with  headquarters  in  New  York.  He  was 
formerly  vice-president  of  the  J.  M.  Dodge  Co.,  Philadelphia,  Pa. 

George  E.  Williamson  has  resigned  as  engineer  of  works  of  the  Union  Metal- 
lic Cartridge  Co.,  Bridgeport,  Conn.,  to  become  chief  engineer  of  the  Strath- 
more  Paper  Co.,  Mittineague,  Mass. 

Chas.  D.  Young,  formerly  assistant  engineer  of  motive  power  of  the  Penn- 
sylvania Lines  West  of  Pittsburgh,  has  been  appointed  engineer  of  tests  of  the 
same  company,  with  headquarters  in  Altoona,  Pa. 
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Secretary,  Am.Soc.M.E. 

American  Ceramic  Society.     Transactions,  Vol.  13.     Columbus,  1911.     Gift 

of  the  society. 
American  Institute  of  Consulting  Engineers.     Constitution  and  By-Laws, 

1911. 
Bearings   and   Their   Lubrication,    L.    P.   Alford.    New    York,   American 

Machinist,  1911.     Gift  of  the  author. 

The  first  book  on  the  subject  and  of  particular  importance  at  the  present  time  because  of  the 
modern  tendency  to  high-speed  shafts  and  spindles  and  friction-reducing  forms  of  bearings. 

Congreso  Cientifico  (First  Pan-American).     Ciencias  Econ6micas  y  Soci- 

ales.  Vol.  3.     Santiago  de  Chile,  1911. 
Ciencias  Pedag6gicas  y  Filosofia,  Vol.  1.     Santiago  de  Chile,  1911.     Gift 

of  the  congress. 
D£nivellations  de  la  Voie  et  Oscillations  des  V^hicules  des  Chemins 

de  Fer,  Georges  Mari^.     Pt.  1.     Paris,  Dunod  &  Pinat,  1911. 
Handbook  on  the  Gas  Engine,  H.  Haeder.     Translated  from  the  German 

and  edited  by  W.  M.  Huskisson.     Neiv  York,  McGraw  Hill  Book  Co.,  1911. 

The  book  Is  designed  for  engine  builders,  engineers,  and  engineering  students,  and  is  absolutely 
free  of  descriptive  matter.  The  treatment  Is  entirely  mechanical  and  mathematical,  differing  in  that 
respect  from  Diederlch's  translation  of  Giildner's  manual  published  last  year.  The  translator  has 
added  a  large  nuaiber  of  useful  tables  in  the  appendLx,  as  well  as  a  description  of  the  Humphrey  pump. 
The  volume  is  a  distinct  contribution  to  the  literature  In  English  on  the  subject. 

Leather  for  Bookbinding,  Report  of  the  Committee  on.    Edited  for  the 

Society  of  Arts  and  Worshipful  Company  of  Leathersellers  by  Viscount 

Cobham.    London,  1905.    Gift  of  the  society. 
LiMiTES  DE  Flexibility  des  Resso^ts  et  Limites  de  Vitesse  du  Mat:6riel 

DES  Chemins  de  Fer,  Georges  Mari6.     Paris,  Dunod  &  Pinat,  1911. 
Louisville  and  Nashville  Railroad  Company.    16th  Annual  Report,  1911. 

Louisville,  1911.     Gift  of  Miss  Helen  Craig. 

MiTTEILUNGEN    tJBER    FORSCHUNGSARBEITEN    AUF    DEM    GeBIETE    DES    InGEN- 

lEURWESENS.     Pts.  10-13,  17-18,  20-106.     Berlin,  1903-1911. 
Modern  Science  Club  of  Greater  New  York.     Year  Book,  May  1907.     1907. 
Municipal  Electric  Light  Commissioners  of  Chicopee,  Mass.,  Report  to, 

C.  W.  Whiting.     Chicopee,  1911.     Gift  of  the  author. 
National  Association  of  Railway  Commissioners.     Proceedings  of  23rd 

Annual  Convention,  1911.     Gift  of  the  association. 
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National  Conservation  Congress,  Addresses  and  Proceedings  of  the 
Second,  1910.     Washington,  1911. 

New  Orleans  Sewage  and  Water  Board,  22nd,  23rd,  Semi-Annual  Report 
of,  New  Orleans,  1910-1911.     Gift  of  the  board. 

Niagara  River  and  Vicinity  (Map),  1901.     Gift  of  Miss  H.  S.  Welling. 

Norwich  University.  Catalogue,  85th-92d  year.  1903-1910.  Gift  of 
the  university. 

Roster  of  the  Graduates  and  Past  Cadets,  1819-1907.     Bradford,  1907. 

Gift  of  the  university. 

Pei  Yang  University.  4th  Catalogue,  1910.  Tientsin,  1911.  Gift  of  the 
university. 

Pennsylvania  State  College.  General  Catalogue,  1910-1911.  State  Col- 
lege, 1911. 

School  of  Engineering  Announcement,  1911-1912.     State  College,  1911. 

Gift  of  the  college. 

Power  and  Plow,  L.  W.  Ellis  and  E.  A.  Rumely.  GardenCity,  N.  Y.,  Double- 
day,  Page  &  Co.,  1911.     Gift  of  the  authors. 

This  Is  probably  the  first  work  written  on  power  plowing,  and  should  be  of  especial  Interest  for  that 
reason.  The  treatment  Is  elementary,  but  thorough.  Although  the  Investigation  and  study  have 
had  the  support  of  a  company  making  gasolene  power  engines  for  traction  and  general  farm  use,  all 
reference  to  their  product  has  been  eliminated.  The  work  is  almost  a  necessity  to  those  who  are 
contemplating  the  use  of  power  In  soil  cultivation,  and  contains  much  historical  matter  not  easily 
found  elsewhere.    A  two-page  blbliographj'  Is  given. 

Preliminary  Reports  on  the  Disposal  of  New  York's  Sewage.  Metro- 
politan Sewage  Commission  of  New  York,  1911. 

Problems  in  Railway  Regulation,  H.  S.  Haines.  New  York,  Macmillan 
Co.,  1911.     Gift  of  the  author. 

This  work  Is  In  a  sense  a  continuation  of  the  author's  Restrictive  Railway  Legislation  and  his  Rail- 
way Corporations  as  Public  Servants.  Its  purpose,  as  stated  in  the  preface,  Is  to  follow  the  course  of 
railway  regulation  in  this  country,  to  consider  the  various  ways  in  which  the  railways  have  affected 
the  public  welfare,  and  to  offer  some  suggestions  for  future  regulation.  The  author,  a  well-known 
railway  authority  and  ex-president  of  the  American  Railway  Association,  has  presented  a  work  with- 
out bias,  and  singularly  free  from  political  argument.  The  appendix  contains  some  very  useful  tables, 
notably  the  classification  of  the  various  subsidiary  companies  of  the  Interborough  Metropolitan 
System  and  the  Index  is  unusually  useful. 

Scientific  American.     Vol.  38,   (except  title  page);  vol.  39,   (except  no.  1, 

and  pp.  27-31,  45-46,  and  title  page);  vol.  40;  vol.  41  (except  no.  17);  vols. 

42-43;  vol.  44  (except  no.  6);  vols.  45-46;  vol.  47,   (except  nos.  17  and  19); 

vols.  48-50;  vols.  51-53  (except  title  page);  vols.  54-58;  vol.59  (except  no.  10); 

vols.  60-61;  vol.  62  (except  no.  6  and  title  page);  vols.  63-67;  vols.  68-76 

(except  title  pages);  vols.  77-80;  vol.  81  (except  no.  21);  vols.  82-83;  vol. 

84,  lacks  no.  24;  vols.  85-86  (except  title  pages) ;  vol.  87  (except  no.  16  and 

title  page),  vol.  88  (except  title  page) ;  vols.  89-91 ;  vol.  92  (except  title  page) ; 

vol.  93  (except  no.  1  and  title  page);  vol.  94  (except  no.  15);  vols.  95-98; 

vol.  99  (except  nos.  16,  23);  vol.  100  (except  no.  3);   vol.  101.     New  York, 

1878-1909.     Gift  of  Miss  H.  S.  Welling. 
Scientific  American  Supplement.     Vols.  5-12;  vol.   13    (except  no.  319); 

vols.  14-25;  vol.  26  (except  no.  668) ;  vols.  27-30;  vol.  31  (except  pp.  12503-4) ; 

vol.  32;  vol.  33  (except  nos.  840,  849);  vols.  34-36;  vol.  37  (except  no.  951); 

vols.  38-44;  vol.  45  (except  no.  1172);  vols.  46-50;  vol.  51  (except  no.  1328); 
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vols.  52-55;  vol.  56  (except  nos.  1437,  1447);  vols.  57-59;  vol.60  (except no. 
1539  and  title  page);  vols.  61-63;  vol.  64  (except  no.  1651);  vols.  65-68. 
Neio   York,   1878-1909.    Gift   of  Miss   H.    S.   Welling. 
— Catalogue  of  valuable  papers  contained  in  Supplement  1876-1902.     Gift 


of  Miss  H.  S.  Welling. 
Testing  of  Motive  Power  Engines,  R.  Roj'^ds.     London-New  York,  Long- 
mans.  Green  cfc  Co.,  1911. 

The  author  Is  lecturer  on  motive  power  engineering  In  the  Glasgow  and  West  of  Scotland  Technical 
College,  and  the  book  Is  intended  for  practical  use  by  engineering  students.  It  covers  not  only  engines 
prop*,  but  gas  producers,  refrigerating  apparatus,  fans  and  blowers,  water  turbines  and  pumps,  and 
gives  examples  and  forms  for  laboratory  use. 

Track  Elevation  within  the  Corporate  Limits  of  the  City  of  Chicago, 
January  1909- June  1911.  Compiled  by  Track  Elevation  Department  of 
the  City  of  Chicago.  Chicago.  Gift  of  the  Commissioner  of  Track  Ele- 
vation. 

United  States  Patent  Office.  Alphabetical  Lists  of  Patentees  and  Inven- 
tions for  quarter  ending  December  31,  1885.     Gift  of  Capt.  H.  L.  Prince. 

Westminster  College.  Catalogue,  1911.  Fulton,  Mo.,  1911.  Gift  of  the 
college. 

Zeitschrift  des  Vereines  Deutscher  Ingenieure.  Vol.  1;  vol.  2,  nos. 
1-8,  11-12;  vol.  3,  nos.  1-2,  5-12.     Berlin,  1857-1859. 

exchanges 

Institution  of  Civil  Engineers  of  Ireland.  Transactions,  vol.  37.  Dub- 
lin, 1911. 

Institution  of  Naval  Architects.  Transactions,  vol.  53,  pt.  1.  London, 
1911. 

Northeast  Coast  Institution  of  Engineers  and  Shipbuilders.  Transac- 
tions, vol.  27.     Newcastle-upon-Tyne,  1911. 

trade  catalogues 

Gardner  Machine  Co.,  Beloit,  Wis.    Milling  and  grinding  machines,  6  pp. 
General  Electric   Co.,    Schenectady,   N.    Y.     Bull.  no.  4857,    switchboard 

and  high  tension  relays  for  alternating  and  direct  current,  32  pp.;  Bull. 

no.  4876,  small  plant  direct  current  switchboards,  11  pp.;  Bull.  no.  4878, 

cloth  pinions,  6  pp.;  Bull.  no.  4879,  direct-current  instruments,  types  D-7 

and  D-8,  12  pp.;  Bull.  no.  4882  enclosed  flame  arc  lamps,  4  pp.;  Bull.  no. 

4883,  Curtis  steam  turbine  generators,  50  pp. ;  Bull.  no.  4884,  lighting  of 

iron  and  steel  works,  39  pp. 
Hess-Bright  Mfg.  Co.,  Philadelphia,  Pa.     Ball  bearings  in  circular  saws  and 

jointing  machines,  3  pp. 
Ingersoll-Rand    Co.,    New    York.     Class    N-E-1,    air   compressors,    12  pp.; 

Class  X-F-1,  air  compressors,  12  pp. 
IMoDEL  Heating  Co.,  Philadelphia,  Pa.    Model  boilers  and  radiators,  24  pp. 
Sherwood  Mfg.  Co.,  Buffalo,  N.  Y.,     Steam  and  gasolene  engine  appliances, 

62  pp. 
Underfeed   Stoker  Co.   of  America,    Chicago,   III.      Publicity  Magazino. 

October  1911,  devoted  to  the  interests  of  the  Jones  stoker,  16  pp. 
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anxious  to  receive  requests  both  for  positions  and  for  men  available.  Notices  are  not  repeated 
except  upon  special  request.  Copy  for  the  Bulletin  must  be  In  hand  before  the  12th  of  the 
month.  The  list  of  men  available  is  made  up  of  members  of  the  Society  and  these  are  on  file 
in  the  Society  office  together  with  names  of  other  good  men  not  members  of  the  Society,  vifho 
are  capable  of  filling  responsible  positions.    Information  will  be  sent  upon  application. 

POSITIONS  AVAILABLE 

For  the  following  kindly  send  application  to  the  Society  and  we  will  forward. 

0125  Manager  for  firm  manufacturing  high-grade  ball  bearings  desires 
assistant  capable  of  handling  office  correspondence  and  sales  propositions. 
Good  opportunity  for  advancement  for  energetic  and  capable  young  man 
Location  New  York. 

0126  Philadelphia  concern  desires  two  or  three  men  capable  of  demonstrat- 
ing the  qualities  of  their  product  in  the  shops  of  customers;  must  have  actual 
experience  in  shop  work  and  with  qualifications  necessary  for  a  salesman. 

0127  Iron  and  steel  chemist  for  New  Jersey  concern. 

0128  Young  mechanical  engineer  capable  of  taking  charge  of  laying  out 
details  of  cement  machinery,  involving  structural  steel  work,  installation  of 
boilers,  turbines,  grinding  machinery,  etc.  Position  will  pay  $125  to  $150  a 
month  to  startwith  good  possibilities  for"promotion  for  right  man.  Location 
Middle  West. 

0129  Professorship  at  Northwestern  University,  salary  $2700;  appointee 
to  take  permanent  charge  in  September  1912  of  instruction  in  thermody- 
namics and  engines  and  temporary  charge  of  instruction  in  hydraulics. 
Communicate  with  John  F.  Hayford,  Director,  Evanston,  111. 

0130  Attention  is  called  to  E.xamination  Order  No.  288  for  a  mechanical 
engineer  at  a  salary  of  $2500.  Address  application  to  Superintendent  V.  S. 
Naval  Academy,  Annapolis,  Md.,  before  Friday,  December  15,  1911.  Copies 
of  the  Order  can  be  secured  at  office  of  the  Society. 

0131  Instructor  in  engineering  mechanics  to  begin  work  in  Februai  y. 
Salary  $1100  to  $1300  for  college  year.  Prefer  young  mechanical  engineer  of 
two  or  three  j^ears'  experience  with  good  college  record  and  who  would  like 
to  teach.     Location  Michigan. 
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0132  Professor  of  mechanical  engineering  for  Michigan  college;  salary 
$2500  to  $2700.  First  requisite,  character  and  abstemious  habits,  second, 
abilitj^  to  teach  well  and  inspire  students.  Must  have  capability  for  adminis- 
tration and  if  possible  aptitude  for  original  investigations. 

MEN   AVAILABLE 

317  Experienced  mechanical  engineer  desires  engagement  for  part  time; 
has  specialized  in  hydraulics  and  power-house  work. 

318  E.xperienced  superintendent,  design  and  management  in  shop  and  field, 
desires  to  locate  in  Philadelphia  or  vicinity. 

319  Member ;  technical  education,  with  broad  experience  as  master  mechanic 
of  different  kinds  of  rolling  mills  and  steel  works,  steam  engineering  and  modern 
machine-shop  practice,  competent  to  take  a  position  of  traveling  and  intro- 
ducing machinery. 

320  Junior  member,  available  January  15;  age  27,  eight  years'  experience 
in  shop,  drafting,  purchasing  and  construction  work;  past  three  years  mechan- 
ical engineer  for  holding  company  of  public  utilities  on  design,  construction, 
economical  operation,  extensions,  valuations,  etc.,  desires  position  preferably 
offering  opportunity  for  identification  with  business  of  manufacturing,  con- 
sulting or  contracting  engineers,  by  later  investment. 

321  Member;  technical  education,  seven  years'  experience  as  chief  drafts- 
man and  superintendent  of  large  engine  company;  at  present  construction  engi- 
neer for  large  irrigation  company. 

322  Junior;  technical  education  and  training;  testing  department  large 
electrical  concern,  operating  and  managing  pumping  station,  drafting  and 
designing;  at  present  employed  as  draftsman  and  designer  by  hydro-electric 
company;  would  like  to  make  connection  as  testing  engineer  in  large  manufac- 
turing plant  or  as  manager  or  assistant  manager  of  power  plant. 

323  Mechanical  engineer  ^and  expert,  over  25  years'  experience  in  designing, 
manufacturing  and  installation  of  special  fine  machinery,  tools  and  specialties. 

324  Associate;  over  15  years'  experience  as  draftsman,  squad  foreman,  chief 
draftsman  and  checker  on  blast  furnaces,  steel,  rolling,  pipe  and  tube  mills, 
coke  ovens  and  chemical  apparatus,  open  for  engagement,  preferably  as  assis- 
tant or  chief  draftsman,  or  assistant  superintendent. 

325  Associate;  18  years'  experience  in  designing  and  building  automatic 
machinery;  also  established  a  system  for  this  class  of  work;  39  years  of  age; 
desires  position  as  superintendent  or  assistant  manager;  at  present  employed. 

326  Student  member;  recent  technical  graduate;  practical  experience  in 
open-hearth  steel  plant,  desires  to  locate  with  efficienoy  engineer  or  concern 
where  there  are  possibilities  for  advancement. 
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327  Mechanical  and  structural  engineer,  with  liberal  experience  in  charge 
of  drafting  room,  on  design  of  furnaces  and  rolling  mills;  desires  position  as 
chief  draftsman. 

328  Mechanical  engineer,  technical  graduate,  Junior  member;  desires 
position  in  sales  or  purchasing  department  of  industrial  establishment. 
Experienced;  can  give  references. 

329  Member,  superintendent,  wide  experience  and  familiar  with  modern 
machine-shop  practice,  expert  on  tools  and  methods  for  increasing  produc- 
tion and  reducing  costs. 

330  Member,  mechanical  engineer,  technical  graduate,  six  years'  teaching 
experience,  and  four  years'  commercial  experience,  desires  position  as  pro- 
fessor of  mechanical  engineering,  or  designing  engineering  or  superintendent 
in  commercial  work.  Experienced  in  design  of  steam  and  gas  engines  and 
hydraulic  machinery,  also  teaching  experience  in  machine  design,  shop  work, 
steam  engineering,  hydraulics,  mechanical  laboratory,  and  industrial  admin- 
istration.   At  present  employed. 

331  Technical  graduate  with  exceptional  commercial  experience  with 
large  central  station  and  now  in  complete  charge  of  New  England  business 
of  mechanical  draft  concern,  including  handling  of  salesmen,  desires  position 
as  assistant  to  sales  manager. 
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CHANGES  IN  ADDRESS 

ADAMS,  Kilburn  E.  (Junior,  1908),  Mcch.  Engr.,  Boston  &  Albany  R.  R., 
Rm.  372,  South  Sta.,  Boston,  and /or  7)iail,  1019  Washington  St.,  Newton- 
ville,  Mass. 

AHRNKE,  H.  P.  (Junior,  1902),  Dairy  Mchy.  &  Constr.  Co.,  Derby,  Conn. 

ALLISON,  John  Franklin  (Junior,  1910),  Clemson  Agri.  College,  Clemson 
College,  S.  C. 

ARMSTRONG,  Walter  J.  (Junior,  1907),  Mech.  Engr.,  Jeffrey  Mfg.  Co., 
and /or  7nail,  900  Neil  Ave.,  Columbus,  O. 

ARMSTRONG,  Wm.  M.  (Junior,  1894),  Corrugated  Bar  Co.,  402  Mutual  Life 
Bldg.,  Buffalo,  N.  Y. 

ATKINS,  David  Fowler  (1907),  727  Custom  House  Bldg.,  New  York,  N.  Y. 

BACON,  John  Lord  (1899;  1909),  1101  Am.  Natl.  Bank  Bldg.,  San  Diego,  Cal. 

BAENDER,  Fred.  Geo.  (Junior,  1909),  1745  Seminary  Ave.,  Fruitvale,  Cal. 

BAGG,  Samuel  F.  (1896),  Dist.  Agt.,  The  Fidelity  &  Casualty  Co.,  Savings 
Bank  Bldg.,  Troy,  N.  Y. 

BAILEY,  Frederic  W.  (Junior,  1901),  Skaneateles,  N.  Y. 

BALDWIN,  Abram  T.  (1899:  1902),  Life  Member;  V.  P.  and  Treas.,  Preci- 
sion Instrument  Co.,  49  Larned  St.  W.,  Detroit,  and  for  mail,  Washington 
Rd.  and  Maumee  Blvd.,  Grosse  Pointe,  Mich. 

BANNON,  Leo  Matthew  (Junior,  1908),  32  Bagley  St.,  Central  Falls,  R.  I. 

BARNES,  Charles  B.  (1905;  1908),  Asst.  Wks.  Engr.,  West.  Elec.  Co.,  Haw- 
thorne Sta.,  Chicago,  and /or  mail,  333  N.  Harvey  Ave.,  Oak  Park,  111. 

BERG,  Hart  O.  (1898;  1903),  Engr.,  72,  Victoria  St.,  Westminster,  S.  W., 
London,  England,  and  for  mail,  32  Ave.  Des  Champs-Elys6es,  Paris, 
France. 

BEVIN,  Sydney  (Junior,  1909),  Matheson  Automobile  Co.,  Wilkes-Barre,  and 
for  mail,  Welles  Ave.,  Forty  Fort,  Wilkes-Barre,  Pa. 

BIXBY,  Genl.  William  H.  (1888),  Life  Member;  U.  S.  Engr.,  735  Southern  Bldg., 
Washington,  D.  C. 

BLENCOWE,  John  (1900),  723  Edgemont  Blvd.,  Los  Angeles,  Cal. 

BOWER,  J.  G.  (Associate,  1903),  Hale  &  Kilburn  Co.,  605  McCormick  Bldg., 
Chicago,  111. 

BRAY,  Thos.  Jos.  (1898),  Pres.,  Republic  Iron  &  Steel  Co.,  and  524  Wick  Ave., 
Youngstown,  O. 

BUSHNELL,  Leonard  T.  (Junior,  1906),  Secy,  and  Treas.,  Rockwood  Sprink- 
ler Co.,  208  Columbia  St.,  Seattle,  Wash. 

BUTCHER,  Joseph  J.  (1892),  33  Union  Ave.,  South  Framingham,  Mass. 

CHADWICK,  Lee  S.  (1899;  1909),  Bantam,  Conn. 

CHASTENEY,  Charles  D.  (Junior,  1904),  Turbine  Equip.  Co.,  30  Church 
St.,  New  York,  N.  Y. 
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CLARK,   Howard  B.    (1910),   East.  Rep.,   The  McNauU-Boiler  Mfg.  Co.  of 

Toledo,  O.,  50  Lefferts  PL,  Brooklyn,  N.  Y. 
COMSTOCK,  Charles  Warren  (Associate,  190G),  Ins.,  504  N.  E.  Bldg.,  Cleve- 
land, 0. 
COOPER,  Geo.  S.  (1909),  Mech.  Engr.,  Buckeye  Eng.  Co.,  Salem,  O. 
CORBETT,  Chas.  H.   (1884),  Manager,  1901-1904;  V.  P.,  Continental  Iron 

Wks.,  and /or  fnail,  147  Lefferts  PL,  Brooklyn,  N.  Y. 
COREY,  Fred  Brainard  (1894;  1900),  Union  Switch  &  Signal  Co.,  Swissvale, 

and  for  mail,  245  Maple  Ave.,  Edge  wood  Park,  Pa. 
COX,  Claude  E.  (Associate,  1907),  Res.  Mgr.,  Research  Dept.,  Genl.  Motors 

Co.,  and  for  mail,  120  Medbury  Ave.,  Detroit,  Mich. 
DAIILSTRAND,  Hans  (1910),  Mech.  Engr.,  Steam  Turbine  Engrg.   Dept., 

Allis-Chalmers  Co.,  and /or  mail,  247  18th  St.,  Milwaukee,  Wis. 
DARBY,  John  (1907),  Con.  and  Designing  Engr.,  7  E.  42nd  St.,  New  York, 

N.  Y.,  and  for  mail.  111  Summit  Ave.,  Summit,  N.  J. 
DEAN,  Edmund  Willard  (1905),  Duplex  Ptg.  Press  Co.,  Battle  Creek,  Mich. 
DE  VED,  Horace  W.  (Junior,  1908),  Supt.  of  Distribution,  N.  Y.  &  Queens 

Elec.  Light  &  Power  Co.,  244  Jackson  Ave.,  Long  Island  City,  and  140 

Broadway,  Flushing,  N.  Y. 
DOANE,  John  Appleton  (1910),  Mgr.,  Worcester  Piston  Wing  &  Mch.  Wks. 

22  Commercial  St.,  Worcester,  Mass. 
DONALDSON,  Stuart  A.  (Junior,  1909),  Mech.  Dept.,  New  Jersey  Zinc  Co., 

Palmerton,  Pa. 
DUNN,  Charles  (1897),  480  E.  19th  St.,  Brooklyn,  N.  Y. 
FAIRBANKS,  Robert  Noyes  (Associate,  1895),  Dutilh-Smith,  McMillan  &  Co., 

29  Great  St.  Helens,  E.  C,  London,  England. 
FARRELL,  W.  EUiston  (1900),  Treadwell  Engrg.  Co.,  Easton,  Pa. 
FENNER,  David  C.  (1906)  Saurer  Motor  Co.,  411  W.  55th  St.,   New  York, 

N.  Y.,  and /or  mail,  705  Ravine  Rd.,  Plainfield,  N.  J. 
FESSENDEN,  Chas.  Horace  (Junior,  1909),  Instr.  Mech.  Egnrg.,  Univ.  of 

Mich.,  333  New  Engrg.  Bldg.,  and  727  Forest  Ave.,  Ann  Arbor,  Mich. 
FESSENDEN,  Edwin  A.  (Junior,  1908),  Asst.  Prof.  Mech.  Engrg.,  Univ.  of 

Mo.,  and /or  mail,  1331  Ross  St.,  Columbia,  Mo. 
FORSYTH,  William   (1883),  Manager,  1888-1891;  Mech.  Engr.,  Railway  Age 

Gazette,  417  S.  Dearborn  St.,  and  Windermere  Hotel,  Chicago,  111. 
GIBSON,  Arthur  (1892),  Cons.  Engr.,  P.  O.  Box.  35,  Nome,  Alaska. 
GINGRICH,  Charles  Sumner  (Junior,  1900),  The  Cincinnati   Milling   Mch. 

Co.,  Cincinnati,  and  for  mail,  24  Landon  Court,  Avondale,  Cincinnati,  O. 
GLEASON,  Gilbert  Howe  (Junior,  190G),  12  Pearl  St.,  Boston,  Mass. 
GRAVER,   Alexander  M.    (Junior,   1908),  Mech.  Engr.,   Wm.    Graver  Tank 

Wks.,  East  Chicago,  Ind.,  and  436  W.  72nd  St.,  Chicago,  111. 
GREER,  Thomas  W.  (1902),  Ch.  Engr.,  Wilbraham-Green  Blower  Co.    Potts- 
town,  and /or  mail,  3465  Frankford  Ave.,  Philadelphia,  Pa. 
GREGER,  Henrik  (Junior,  1904),  Asst.  Engr.,  Fred.  M.  Prescott  Steam  Pump 

Co.,  Milwaukee,  Wis. 
HADFIELD,  Sir  Robert  Abbott,  F.R.S.,  (1907),  Chairman  and  Managing  Dir., 

Hadfield  Co.,  and /or  mail,  Parkhead  House,  nr.  Sheffield,  also,  Reform 

Club,  Pall  Mall,  London,  England. 
HAMERSTADT,  William  D.  (Junior,  1907),  Engr.,  The  Rockwood  Mfg.  Co., 

and  for  mail,  3209  Central  Ave.,  Indianapolis,  Ind. 
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HAMILTON,  Edward  Waterman  (Junior,  1905),  Mech.  Engr.,  Harvey  IIul)bell, 

Inc.,  and  for  mail,  99  Lenox  Ave.,  Bridgeport,  Conn. 
HAZELTON,  Robert  T.  (Junior,  1909),  Cincinnati  Milling  Mch.  Co.,  Cincin- 
nati, O. 
HECHT,  Julius  Lawrence  (1907),  Mech.  Engr.,  North  Shore  Elec.  Co.,  137 

S.  La  Salle  St.,  Chicago,  and  2022  Harrison  St.,  Evanston,  111. 
HEINEN,  Emil  Jennings  (Associate,  1910),  Ch.  Mech.  Estimator,  Minneapolis 

Steel  &  Mchy.  Co.,  and/or  7nail,  3146  Longfellow  Ave.,  Minneapolis,  Minn. 
HENES,  Harry  W.  (Junior,  1909),  A.  Bolter's  Sons,  Rm.  612,  118  N.  La  Salle 

St.,   Chicago,   111. 
HIGGINS,  Albert  W.  (Associate,  1906),  present  address  unknown. 
HODGINS,  George  S.  (1908),  565  W.  139th  St.,  New  York,  N.  Y. 
HUBBARD,  Allen  (1910),  Cons.  Engr.,  88  Pearl  St.,  Boston,  Mass. 
HYDE,  Charles  E.  (1885),  Marine  Engr.  and  Naval  Arch.,  424  W.  20th  St., 

New  York,  N.  Y. 
JAQUES,  Wm.  H.  (1893),  Hotel  Puritan,  390  Commonwealth  Ave.,  Boston 

Mass. 
JOHNSON,  Arthur  E.  (1890;  1892),  Life  Member;  Designer,  Ordnance  Office, 

War  Dept.,  Washington,  D.  C. 
JOHNSON,  Paul  F.  (1905),  628  Shepard  Ave.,  Milwaukee,  Wis. 
JONES,  W.  Clyde  (Junior,  1892),  Lawyer,  Genl.  and  Pat.  Law,  Rm.  1610, 

105  W.  Monroe  St.,  Chicago,  111.,  and  2  Rector  St.,  New  York,  N.  Y. 
JUNKERSFELD,  Peter  (1910),  Asst.  to  Second  V.  P.,  Commonwealth  Edison 

Co.,  and /or  mail,  120  W.  Adams  St.,  Chicago,  111. 
KING,  Roy  Stevenson  (1904;  1910),  Engrg.  Dept.,  Fairbanks  Morse  &  Co.  of 

Chicago,  111.,  1706  S.  W.,  9th  St.,  Des  Moines,  la. 
KOENIG,  Adolph  G.  (Associate,  1909),  Member  of  Firm,  Mortensen  &  Co., 

114-116  E.  28th  St.,  New  York,  N.  Y.,  and  43  Eldorado  PL,  Weehawken, 

N.  J. 
KRAEMER,  Milton  (Junior,  1910),  Assoc.  Cons.  Engr.,  U.  S.  Gold    Dredging 

&  Rubber  Co.  of  Ecquador,  S.  A.,  39  Liberty  St.,  and  for  mail,  65  Park 

Ave.,  New  York,  N.  Y. 
LAMAR,  Philip  Rucker  (1911),  The  So.  Cotton  Oil  Co.,  Savannah  Bank  & 

Trust  Co.  Bldg.,  Savannah,  Ga. 
LARKIN,  William  H.,  Jr.  (1904),  Exec.  Engr.,  C.  W.  Hunt  Co.,  and /or  mail, 

106  Bement  Ave.,  West  New  Brighton,  S.  I.,  N.  Y. 
LEACH,  William  J.,  Jr.  (1905),  7  Peabody  St.,  Newton,  Mass. 

LEE,  Ernest  Eugene  (Associate,  1908),  Supt.  of  Erection,  Dept  of  Const r. 

and  Engrg.,  Isthmian  Canal  Com.,  Culebra,  C.  Z.,  Panama,  C.  A. 
LEES,  Ernest  J.  (1907),  Pres.  Lees-Bradner  Co.,  6210  Carnegie  Ave.,  and /or 

juail,  10,829  Superior  Ave.,  Cleveland,  O. 
LEWIS,  Joseph  E.  (Junior,  1899),  Treas.,  Bush  Mfg.  Co.,  Hartford,  Conn., 

and  for  mail,  222  N.  Carey  St.,  Baltimore,  Md. 
LIBBY,  Malcolm  M.  (1902;  1905;  1909),  Canadian  Fairbanks  Co.,  28  W.  Front 

St.,  Toronto,  Ont.,  and /or  mail.  Box  235,  Edmonton,  Alberta,  Canada. 
LINDSAY,  W.  Edward  (1895),  Cons.  Engr.,  United  Cork  &  Seal  Co*.,  Millis, 

and  Box  21,  Needham,  Mass. 
LOWE,  Henry  Leland  (Junior,  1903),  37  Brady  St.,  Detroit,  Mich. 
McDEWELL,  Horatio  S.  (Junior,  1908),  Gas  Eng.  Erecting  Engr.,  Allis-Chal- 

mers  Co.,  Milwaukee,  Wis.,  a,nd  for  mail,  94  Addington  Rd.,  Brookline.  Mass. 
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McGwire,  Charles  H.  (1909),  2828  Lafayette  St.,  Denver,  Colo. 
MacGREGOR,  Walter  (1906),  236  S.  Oak  Park  Ave.,  Oak  Park,  111. 
MacLAUCHLAN,  Jamea  H.  (1907),  J.  H.  MacLauchlan  Engrg.  Co.,  205  W. 

Lombard  St.,  Baltimore,  Md. 
MICHEL,  Arthur  Eugene  (1906;  Associate,  1908),  Adv.  Engr.,  Park  Row  Bldg. 

21  Park  Row,  New  York,  N.  Y. 
MILLETT,  Kenneth  Ballard  (Junior,  1908),  Fairview  St.,  Willimantic,  Conn. 
MIX,  Edgar  W.  (1903),  Mgr.  European  Div.,  Genl.  Motors  Export  Co.,  12  Blvd. 

des  Invalides,  Paris,  France. 
MOLE,  Harvey  E.  (1901),  Lenz  &  Mol^,  Rm.  1301,  5-5  Liberty  St.,  New  York, 

N.  Y. 
MONTEAGLE,  Robt.  Chas.  (1904),  Asst.  Mgr.  and  Engr.,  The  Lockwood  Mfg. 
Co.,  East  Boston,  and  formail,  283  Highland  Ave.,  West  Newton,  Mass. 
MOORE,  Albert  B.  (1903),  Treas.  and  Genl.  Mgr.,  Shedd  Elec.  Co.,  Inc.,  Ro- 

selle  Park,  and /or  7nail,  145  Fourth  Ave.,  E.  Roselle,  N.  J. 
MORRISON,  Clarke  J.   (1909),  Mgr.  Engrg.  Dept.,  SufTern  &  Son,  165  Broad- 
way, New  York,  N.  Y.,  and  for  mail,  191  N.  Walnut  St.,  East  Orange,  N.  J. 
MORSE,  Arthur  Holmes  (1911),  Mech.  Engr.  and  Asst.  Supt.,  The  Baldwin 

Co.,  and /or  mail,  2202  Highland  Ave.,  Cincinnati,  O. 
MORSE,  Chas  M.  (1884),  Ch.  Engr.,  Buffalo  Engrg.  Co.,  5  Beekman  St.,  New 

York,  N.  Y. 
NEWCOMB,   Robert   E.    (Junior,  1907),   Mech.  Engr.,    Deane  Steam  Pump 

Co.,  and  for  mail,  229  Chestnut  St.,  Holyoke^  Mass. 
NEWELL,  William  (Junior,  1907),  Mech.  Engr.,  Bureau  of  Factory  Inspc, 
N.  Y.  State  Dept.  of  Labor,  381  Fourth  Ave.,  and  104  E.  54th  St.,  New  York, 
N.  Y. 
PARKER,  John  (1909),  Mch.  Designer,  Brown  &  Sharpe  Mfg.  Co.,  Providence, 

and  for  mail,  1061  Narragansett  Blvd.,  Edgewood,  R.  I. 
PHELPS,  Charles  C.   (Junior,  1909),  Mgr.  Castle   Stevens,  Stevens  Inst,  of 

Tech.,  and  for  mail,  The  Castle,  Castle  Point,  Hoboken,  N.  J. 

POMEROY,  L.  R.  (1890;  1909),  Cons.  Engr.,  246  Berkeley  Ave.,  Orange,  N.J. 

RAMSAY,  Herbert    Hartley    (Junior,     1910),  Asst.  Engr.  with  John  Hays 

Hammond  and  Harris  Hammond,  71  Broadway,  and  for  mail,  15  E.  48th 

St.,  New  York,  N.  Y. 

RAYMOND,  Herbert  Emmons  (Junior,  190G),  Mech.  Engr.,  Missisquoi  Pulp 

Co.,  Sheldon  Springs,  Vt. 
RIEGE,  Rudolph  (1911),  26  Gramercy  Park,  New  York,  N.  Y. 
ROBB,  D.  W.  (1888),  Pres.,  Robb  Engrg.  Co.,  Ltd.,  South  Framingham,  Mass. 
ROBINSON,  Garland  P.  (1902;  1909),  Asst.  Ch.  Inspr.,  Interstate  Commerce 

Com.,  First  Natl.  Bank  Bldg.,  Columbus,  O. 
ROGERS,  Robert  W.  (Junior,  1908),  Asst.  Engr.  of  Tests,  Erie  R.  R.,  and 

for  mail,  676  Baldwin  St.,  Meadville,  Pa. 
ROUX,  Paul  (Associate,  1890),  9  rue  des  Bluets,  Paris,  France. 
RUPP,    M.  E.    (Junior,  1909),   Mech.   Engr.,    Stanley  G.  Flagg  &  Co.,    1421 
Chestnut   St.,    Philadelphia,    Pa.,   and  for  mail,   303   E.   4th   St.,    New 
York,  N.  Y. 
SANDO,  Will  J.  (1899),  Manager,  1908-1911;  Cons.   Engr.,  67  Waldcck  St., 

Dorchester,  Mass. 
SCHLESINGER,  Georg,   (190.5),   Prof.   Engrg.,  Tech.  Hochschulc,   Charlot- 
tenburg,  2,  Berlinerstr.  171,  Germany. 
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SCOTT,  Clarence  N.  (1902),  Cons.  Engr.,  1102  Carter  Bldg.,  Houston,  Tex. 
SEARLE,  Wilbur  C.  (Junior,  1909),  Ileald  Mch.  Co.,  and /or  mail,  178  Russell 

St.,  Worcester,  Mass. 
SHOUDY,  Wm.  Allen  (Junior,  1903),  Baltimore  Copper  Smelting  &  Rolling 

Co.,  Baltimore,  and  19  Murymount  Rd.,  Roland  Park,  Md. 
SMEAD,  William  H.  (Junior,  1906),  Supt.  Htg.  and  Equip.  Dept.,  The  Samuel 

Austin  &  Son  Co.,  G408  Euclid  Ave.,  Cleveland,  O. 
SMITH,  Charles  P.  (Junior,  1888),  Lower  Pacific  Mills,  and /or  ?nail,  11  Byron 

Ave.,  Lawrence,  Mass. 
SPENCER,  Frank  C.  (Associate,  1908),  West.  Elec.  Co.,  Hawthorne,  and  for 

mail,  1724  Washington  Blvd.,  Chicago,  111. 
STONE,  Mason  A.,  Jr.,  (Junior,  1907),  The  Griscom  Spencer  Co.,  90  West  St. 

New  York,  and /or  mail,  Clinton  and  Prospect  Aves.,  New  Brighton,  S.  I., 

N.  Y. 
STURGIS,  Wm.  Bayard  (Junior,  1909),  E.  I.  du  Pont  de  Nemours  Powder  Co., 

Wilmington,  Del. 
SUMNER,  Eliot  (1910),  King  St.,  Northumberland,  Pa. 
SVENSSON,  Johan  Alfred  (1909),  Ingle  Mch.  Co.,  371  St.  Paul  St.,  and  246 

Park  Ave.,  Rochester,  N.  Y. 
THOMAS,  Jay  G.    (Junior,   1906),  Engrg.  Dept.,    Westinghouse    Mch.  Co., 

East  Pittsburgh,  and  for  mail,  844  Rebecca  Ave.,  Wilkinsburg,  Pa. 
THUMAN,  Frederic  (1900),  Life  Member;  Ch.  Engr.,  Humphreys  &  Glasgow, 

36-38  Victoria  St.,  Westminster,  London,  S.  W.,  and  31  Campden  Hill  Court, 

London,  W.,  England. 
TITCOMB,  George  E.  (1908),  East  Branch  Sales  Mgr.,  The  McMyler  Inter- 
state Co.,  Rm.  1756,  50  Church  St.,  New  York,  and  51  Hamilton  Ave., 

New  Rochelle,  N.  Y. 
VAN  TRUMP,  Charles  R.     (1893;  1898),  Life  Member;  305  W,  8th  St.,  Wil- 
mington, Del. 
VON  PHUL,  William  (1907),  Engr.  in  Charge,  So.  Properties,  Ford,  Bacon  & 

Davis,  Liverpool,  London  &  Globe  Bldg.,  and /or  mail,  496  Audubon  St., 

New  Orleans,  La. 
WEEKS,  Paul  (Junior,  1905),  Mech.  Engr.,  216  Central  Bldg.,  6th  and  Main 

Sts.,  Los  Angeles,  Cal. 
WHITE,  James  A.  (Junior,  1900),  Wks.  Mgr.,  Worcester  Pressed  Steel  Co., 

and  for  mail,  12  Clearview  Ave.,  Worcester,  Mass. 
WILCOX,  C.  C.  (Junior,  1905),  Asst.  to  Cons.  Elec.  Engr.,  Hodenpyl,  Hardy 

&  Co.,  1004  Majestic  Bldg.,  and  463  Hamilton  Ave.,  Detroit,  Mich. 
WILDER,  Stuart   (Associate,  1904),   Asst.  Eng.,  Westchester  Ltg.  Co.,   Mt. 

Vernon,  N.  Y, 
WILSON,  J.  Fred  (1891),  Ret.  Mfr.,  R.  F.  D.,  Box  69,  Westboro,  Mass. 
WILLIAMSON,  George  E.  (Junior,  1906),  Ch.  Engr.,  Strathmore  Paper  Co., 

Mittineague,  and  for  mail,  141  Pineywoods  Ave.,  Springfield,  Mass. 
WOLDENBERG,    L    (Junior,    1903),    Mgr.,   IngersoU-Rand   Co.,  m.b.  H.. 

Oststrasse  128-132,  and  Sternstrasse  20a,  Diisseldorf,  Germany. 
YOUNG,  Chas  D.  (1902;  1910),  Engr.  of  Tests,  Pa.  R.  R.,  Altoona,  Pa. 
YOUNG,  E.  R.  (Junior,  1900),  553  Mifflin  Ave.,  W^ilkinsburg,  Pa. 


1726  CHANGES   IN   MEMBERSHIP 


NEW  MEMBERS 


ALMQUIST,  Karl  (1911),  Ch.  Draftsman,  A.  S.  Cameron  Steam  Pump  Wks., 
foot  E.  23rd  St.,  and /or  ?nail,  408  W.  150th  St.,  New  York,  N.  Y. 

McINTOSH,  Walter  S.  (Associate,  1911),  Asst.  Supt.,  S.  A.  Woods  Mch.  Co., 
Boston,  and  for  mail,  29  Westover  St.,  West  Roxbury,  Mass. 


DEATHS 


BULKLEY,  Henry  W.,  November  7,  1911. 
JOHNSON,  Henry  James,  October  8,  1911. 
MORRISON,  Hugh  Stockdell,  August  3d,  1911. 


COMING  MEETINGS 

November-December 

Advance  notices  of  annual  and  semi-annual  meetings  of  engineering  societies  are  regularly 
published  under  this  heading  and  secretaries  or  members  of  societies  whose  meetings  are  of 
Interest  to  engineers  are  Invited  to  send  such  notices  for  publication.  They  should  be  In  the 
editor's  hands  by  the  15th  of  the  month  preceding  the  meeting.  When  the  titles  of  papers  read 
at  monthly  meetings  are  furnished  they  will  also  be  published. 

AMERICAN  ASSOCIATION  FOR  THE  ADVANCEMENT  OF  SCIENCE 

December  27  January  3,    annual   meeting,    Washington,    D.    C.     Secy., 

L.  O.  Howard,  Smithsonian  Institution. 
AMERICAN    CHEIVIICAL    SOCIETY 

December  27-30,  annual  meeting,  Washington,  D.  C.     Secy.,  C.  L.  Par- 
sons, Durham,  N.  H. 
AMERICAN   INSTITUTE    OF   ARCHITECTS 

December  12-14,    annual   convention,   Washington,  D.  C.     Secy.,  Glenn 

Brown,  The  Octagon. 
AMERICAN    INSTITUTE   OF   CHEMICAL   ENGINEERS 

December  20-22,  annual  meeting,  Washington,  D.  C.     Secy.,  J.  C.  Olsen, 

Polytechnic  Institute,  Brooklyn,  N.  Y. 
AMERICAN    INSTITUTE    OF   ELECTRICAL   ENGINEERS 

December  8,  monthly  meeting.  New  York.    Acting  Secy.,  F.  L.  Hutch- 
inson, 29  W.  39th  St. 
AMERICAN   PUBLIC   HEALTH   ASSOCIATION 

December  4-9,  annual  meeting,  Havana,  Cuba.     Secy.,  W.  C.  Woodward, 

Washington,  D.  C. 
AMERICAN   SOCIETY   FOR  MUNICIPAL   IMPROVEMENTS 

December  11-13,   annual  meeting,  Waldorf-Astoria,  New  York.     Secy., 

A.  P.  Folwell,  239  W.  39th  St. 
M'lERICAN  SOCIETY  OF  AGRICULTURAL  ENGINEERS 

December  27-29,  annual  meeting,  St.  Paul,  Minn.     Secy.,  J.  B.  Davidson, 

Ames,  Iowa. 
AMERICAN    SOCIETY    OF    ENGINEERING    CONTRACTORS 

January  9,  annual  meeting,  New  York.     Secy.,  J.  R.  Wemlinger,  13  Park 

Row. 
AMERICAN  SOCIETY  OF  HEATING  AND  VENTILATING  ENGINEERS 

January  23-25,  annual  meeting,  New  York.     Secy.,  W.  W.  Macon,  29  W. 

39th  St. 
AMERICAN  SOCIETY  OF  REFRIGERATING  ENGINEERS 

December  4,  annual  meeting.  New  York.    Secy.,  W.  H.  Ross,  154  Nassau  St. 
ASSOCIATION    OF    AMERICAN    PORTLAND    CEMENT    MANUFAC- 
TURERS 

Decembei  11-13,  annual  meeting.  New  York.     Secy.,  P.  H.  Wilson,  Land 

Title  Bldg.,  Philadelphia,  Pa. 
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ENGINEERS    CLUB    OF    ST.    LOUIS 

December  6,  annual  business  meeting,  3817   Olive   St.,   St.    Louis,    Mo. 

Secy.,  W.  W.  Ilerner. 
NATIONAL   ASSOCIATION    OF    BRASS   MANUFACTURERS 

December  13-14,   annual  meeting,   New  York.      Secy.,  W.  M.  Webster, 

64  W.  Randolph  St.,  Chicago,  111. 
NATIONAL  GAS  AND  GASOLINE  ENGINE    TRADES    ASSOCIATION 

December  5-8,  annual  meeting.  Hotel  Hollenden,  Cleveland,  O.     Secj'., 

A.  Stritmatter,  224  E.  7th  Ave.,  Cincinnati. 
NATIONAL    IRRIGATION    CONGRESS 

December   5-9,    Chicago,    111.     Secy.,    Arthut   Hooker,    830   Commercial 

National  Bank  Bldg.,  Chicago,  111. 
NEW  ENGLAND  WATER  WORKS  ASSOCIATION 

January  10,    annual  meeting,    Hotel   Brunswick,  Boston,  Mass.     Secy., 

Williard  Kent,  Narragansett  Pier,  R.  I. 
WOOD    PRESERVERS'    ASSOCIATION 

January  16-18,  annual  meeting,  Chicago,  111.     Secy.,  F.  J.  Angier,  Mount 

Royal  Station,  Baltimore,  Md. 

MEETINGS    IN    THE    ENGINEERING    SOCIETIES    BUILDING 

Date                           Society                                      Secretary  Time 

December 
5-8  American  Society  of  Mechanical  Engineers. C.  W.  Rice All  day 

7  Blue  Room  Engineering  Society W.  D.  Sprague 8.15  p.m. 

8  American  Institute  of  Electrical  Engineers.. F.  L.  Hutchinson 

(Acting  Secy.) 8.15  p.m. 

14  Illuminating  Engineering  Society P.  S.  Millar 8.00  p.m. 

15  New  York  Railroad  Club H.  D.  Vought 8.15  p.m. 

19    New  York  Telephone  Society T.  H.  Lawrence. .  .  .8.15  pm. 

27    Municipal  Engineers  of  New  York C.  D.  Pollock 8.15  p.m. 

January 

4    Blue  Room  Engineering  Society W.  D.  Sprague 8.00  p.m. 

9  American  Society  of  Mechanical  Engineers.  .C.  W.  Rice 8.15  p.m. 

11  Illuminating  Engineering  Society P.  S.  Millar 8.15  p.m. 

12  American  Institute  of  Electrical  Engineers.  F.  L.  Hutchinson 

(Acting  Secy.)...  .8.00  p.m. 

16  New  York  Telephone  Society T.  H.  Lawrence. .  .  .8.15  p.m. 

19    New  York  Railroad  Club H.  D.  Vought 8.15  p.m. 

23-25  American  Society  of  Heating  and  Venti- 
lating Engineers W.  W.  Macon All    day 

24    Municipal  Engineers  of  New  York C.  D.  Pollock 8.15  p.m. 


OFFICERS  AND  COUNCIL 

President 

E.  D.  MEIER 


Vice-Presidents 


Terms  expire  1911 
CHARLES  WHITING  BAKER 
VV.  F.  M.  GOSS 
ALEX.  C.  HUMPHREYS 


Terms  expire  1911 
H.  L.  GANTT 
I.  E.  MOULTROP 
W.  J.  SANDO 


FRED.  W.  TAYLOR 
F.  R.  BUTTON 


Managers 

Terms  expire  1912 
H.  G.  STOTT 
JAMES  HARTNESS 
H.  G.  REIST 

Past-Presidents 
Members  of  the  Council  for  1911 


GEORGE  WESTINGHOUSE 


Chairman  of  the  Finance  Committee 
ROBERT  M.  DIXON 

Treasurer 
WILLIAM  H.  WILEY 


Terms  expire  1912 

GEORGE  M.  BRILL 

E.  M.  HERR 

H.  H.  VAUGHAN 


Terms  expire  1913 

D.  F.  CRAWFORD 

STANLEY  G.  FLAGG,  JR. 

E.  B.  KATTE 


M.  L.  HOLMAN 
JESSE  M.  SMITH 


Honorary  Secretary 
F.  R.  HUTTON 

Secretary 
CALVIN  W.  RICE 


EXECUTIVE  COMMITTEE  OF  THE  COUNCIL 


E.  D.  MEIER,  Chmn. 

C.  W.  BAKER,  Vice-Ckmn. 


H.  L.  GANTT 
F.  R.  HUTTON 

STANDING  COMMITTEES 


H.  G.  REIST 
JESSE  M.  SMITH 


Finance 

R.M.DIXON  (2),  Chmn. 
G.  J.  ROBERTS  (1) 
W.  H.  MARSHALL,(3) 
H.  L.  DOHERTY  (4) 
W.  L.  SAUNDERS  (5) 

House 
F.  BLOSSOM  (2),  CAmn. 
B.  V.  SWENSON  (1) 
E.  VAN  WINKLE  (3) 
H.  R.  COBLEIGH  (4) 
S.  D.  COLLETT  (5) 

Library 

L.WALDO  {l),Chmn. 
W.  M.  McFARLAND  (2) 
C.  L.  CLARKE  (3) 
A.  NOBLE  (4) 
E.  G.  SPILSBURY  (5) 


Membership 

F.  H.  STILLMAN  (1),  Chmn. 

G.  J.  FORAN  (2) 
H.  WEBSTER  (3) 
T.  STEBBINS  (4) 
W.  H.  BOEHM  (5) 

Publication 
H.  F.  J.  PORTER  (1),  Chmn. 

F.  R.  LOW  (2) 

G.  I.  ROCKWOOD  (3) 
G.  M.  BASFORD  (4) 
C.  I.  EARLL  (5) 


Research 

W.  F.  M.  GOSS  (3).  Chmn. 
R.  H.  RICE  (1) 
R.  D.  MERSHON  (2) 
R.  C.  CARPENTER  (5) 

Meetings 

L.  R.  POMEROY  (1).    Chmn. 

C.  E.  LUCKE  (2) 

H.  De  B.  PARSONS  (3) 

W.  E.  HALL  (4) 

C.  J.  H.  WOODBURY  (5) 


Public  Relations 
J.M.DODGE  (5).  Chmn. 
R.  W.  HUNT  (1) 
D.  C.  JACKSON  (2) 
J.  W.  LIEB.JR.  (3) 
F.  J.  MILLER  (4) 


Note — Numbers  In  parentheses  Indicate  number  of  years  the  member  has  yet  to  serve. 
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SOCIETY  REPRESENTATIVES 


John  Fritz  Medal 
F.  R.  HUTTON  (1) 
W.  F.  M.  GOSS  (2) 
H.  R.  TOWNE  (3) 
J.  A.  BASHEAR  (4) 

Fire  Protection 
J.  R.  FREEMAN 
I.  H.  WOOLSON 


Trustees  U.  E.  S. 

F.  J.  MILLER  (1) 
JESSE  M.  SMITH  (2) 
A.  C.  HUMPHREYS  (3) 


A.   A.   A.   S. 

A.  C.  HUMPHREYS 

H.  G.  REIST 

I.  A.  for  T.  M. 

CHARLES  KIRGHHOFF 


Conservation    Commisson  Engineering  Education 

G.F.  SWAIN  A.C.  HUMPHREYS 

C.  T.  MAIN  F.  W.  TAYLOR 
J.  R.  FREEMAN 


Refrigeration 

D.  S.  JAGOBUS 
A.  P.  TRAUTWEIN 
G.  T.  VOORHEES 

P.  de  g.  ball 

E.  F.  MILLER 

Power  Tests 

D.  S.  JAGOBUS.  Chmn. 

E.  T.  ADAMS 
G.  H.  BARRUS 
L.  P.  BREGKENRIDGE 
W.  KENT 
G.  E.  LUGKE 

E.  F.  MILLER 
A.  WEST 
A.  G.  WOOD 

Conservation 

G.  F.  SWAIN.  Chmn. 
G.  W.  BAKER 
L.  D.  BURLINGAME 
M.L.  HOLMAN 
GALVIN  W.  RIGE 

Student  Branches 

F.  R.  HUTTON.  Climn. 

Sub-Committee  on  Steam 
of  Research    Commmittee 

R.  H.  RIGE,  Chmn. 
J.  F.  M.  PATITZ 

G.  J.  BACON 
E.  J.  BERG 

W.  D.  ENNIS 
L.  S.  MARKS 


SPECIAL  COMMITTEES 
Flanges 

G.  H.  STOTT,  Chmn. 

A.  G.  ASHTON 

W.  SCHWANHAUSSER 

J.  P.  SPARROW 

W.  M.  McFARLAND 

Constitution  and  By-Laws 

J.  M.  SMITH,  Temp.  Chmn. 
G.  M.  BASFORD 

F.  R.  HUTTON 

D.  S.  JACOBUS 
H.  G.  STOTT 

Involute  Gears 

W.  LEWIS,  Chmn. 
H.  BILGRIM 

E.  R.  FELLOWS 
C.  R.  GABRIEL 

G.  LANZA 

Engineering     Standards 

HENRY  HESS,  Chmn. 
H.  W.  SPANGLER 
GHAS.  DAY 
J.  H.  BARR 

Standardization  of 

Catalogues 
WM.  KENT,  Chmn. 
M.  L.  COOKE 
W.  B.  SNOW 
J.  R.  BIBBINS 

Pipe  Threads 

E.  M.  HERR,  Chmn. 
W.  J.  BALDWIN 
G.  M.  BOND 
S.  G.  FLAGG,JR. 


Society  History 
J.  E.  SWEET 
H.  H.  SUPLEE 

F.  R.  HUTTON 

Tellers  of  Election 
W.  T.  DONNELLY 

G.  A.  ORROK 
T.  STEBBINS 

Nominating 
R.  G.  CARPENTER 

New  York.  Chmn. 
R.  H.  FERNALD 

Cleveland,  O. 
E.  G.  SPILSBURY 

New  York 
A.  M.  HUNT 

San  Francisco,  Gal. 
C.  J.  H.  WOODBURY 

Boston,  Mass. 

Committee  to  Formulae 
Standard  Specifica- 
tions for  the  Construc- 
tion of  Steam  Boilers 
and  other  Pressure  Ves- 
sels and  for  Care  of 
Same  in  Service 

jTk.  STEVENS,  Chmn. 

E.  F.  MILLER 

G.  L.  HUSTON 

C.  H.  MEINHOLTZ 

R.  C.  CARPENTER 

W.  H.  BOEHM 

R.HAMMOND 


Note — Numbers  In  p.arentheses  indicate  number  of   years  the  member  has  yet  to  serve. 
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J.  M.  DODGE.  Chmn. 
D.  M.  BATES 
H.  A.  EVANS 


SPECIAL  COMMITTEES 

(Continued) 

A  dministration 

W.  LEWIS 
W.  L.  LYALL 
W.  B.  TARD^ 

MEETINGS  OF  THE  SOCIETY 
The  Committee  on  Meetings 


L.  R.  POMEROY  (1),  Chmn. 
C.  E.  LUCKE  (2) 


I.  N.  HOLLIS.  Chmn,. 
I.  E.  MOULTROP,  Secy. 


C.  J.  H.  WOODBURY  (5) 
Meetings  of  the  Society  in  Boston 

R.  H.  RICE 


Meetings  of  the  Society  in  New  York 

W.  RAUTENSTRAUCH,  Chmn 
F.  A.  WALDRON.  Secy. 

R.  V.  WRIGHT 


E.  L.  OHLE,  Chmn. 

F.  E.  BAUSCH,  Secy. 


Meetings  of  the  Society  in  St.  Louis 


H.  R.  TOWNE 
H.  H.  VAUGHAN 


H.  Db  B.  PARSONS  (3) 
W.  E.  HALL  (4) 


E.  F.  MILLER 
R.  E.  CURTIS 


F.  H.  COLVIN 
E.  VAN  WINKLE 


M.  L.  HOLMAN 
R.  H.  TAIT 


A.  M.  HUNT.  Chmn. 
T.  W.  RANSOM,  Secy. 


J.  HUNTER 
Meetings  of  the  Society  in  San  Francisco 

E.  C.  JONES 


Meetings  of  the  Society  in  Philadelphia 

T.  C.  McBRIDE.  Chmn. 
D.  R.  YARNALL,  Secy. 
W.  C.  KERR 


T.  MORRIN 
W.  F.  DURAND 


A.  C.  JACKSON 

J.  E.  GIBSON 

J.  C.  PARKER 


Meetings  of  the  Society  in  New  Haven 
E.  S.  COOLEY,  Chmn.  L.  P.  BRECKENRIDGE 

E.  H.  LOCKWOOD,    Secy.  F.  L.  BIGELOW 

H.  B.  SARGENT 

SUB-COMMITTEES    ON 

Textiles 

CHARLES  T.  PLUNKETT,  CAmn.,  Adams,  Maaa. 
DANIEL  M.  BATES.  WUmlngton.  Del.  FRANKLIN  W.  HOBBS.  Boston.  Mass. 

JOHN  ECCLES,  TaftvUle,  Conn.  C.  R.  MAKEPEACE,  Providence.  R.  I. 

EDW.  W.FRANCE,  Philadelphia.  Pa.  C.H.  MANNING.  Manchester.  N.  H. 

EDWARD  F.  GREENE.  Boston,  Mass.  HENRY  F.  MANSFIELD.  Utlca.  N.  Y. 

EDWARD  W.  THOMAS.  Secy,  Lowell,  Mass. 

Note — Numbers  In  parentheses  Indicate  the  number  of  years  the  member  has  yet  to  serve. 
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W.  R.  DUNN,  Chmn. 
F.  VV.  KELLEY,  Secy, 
J.  G.  BERGQUIST 
W.  F.  COWHAM 
J.  W.  FULLER,  Jr. 


F.  E.  ROGERS,  Chmn. 
L.  D.  BURLINGAME 
W.  L.  CLARK 
W.  A.  DIEFENDORF 


MEETINGS  OF  THE  SOCIETY 

{Continued) 

Cement 

L.  L.  GRIFFITHS 

E.  M.  HAGAR 
LEIGH  HUNT 
MORRIS  KIND 

F.  H.  LEWIS 
R.  K.  MEADE 

Machine  Shop  Practice 

A.  L.DeLEEUW 
F.  L.  EBERHARDT 
F.  A.  ERRINGTON 
A.  A.  FULLER 


EJNAR  POSSELT 
H.  J.  SEAMAN 
A.  C.  TAGGE 
H.  STRUCKMANN 
P.  H.  WILSON 


H.  D.  GORDON 
H.  K.  HATHAWAY 
E.  J.  KEARNEY 
Wm.  LODGE 


OFFICERS  OF  AFFILIATED  SOCIETY 

Providence    Association    of   Mechanical    Engineers 
T.  M.  PHETTEPLACE,  Pres.  W.  H.  PAINE,  7tce-Pr«. 

J.  A.  BROOKS,  Secy.  A.  H.  WHATLEY,  Trecu. 
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OFFICERS  OF  THE  GAS  POWER  SECTION 


Chairman 
R.  H.  FERNALD 

Gas  Power 
Executive    Committee 

F.  H.  STILLMAN  (5).  Chmn. 

G.  I.  ROCKWOOD  (1) 
C.  J.  DAVIDSON  (1) 

E.  D.  DREYFUS  (1) 

F.  R.  HUTTON  (2) 
H.  H.  SUPLEE  (3) 
F.  R.  LOW  (4) 

Gas  Power 
Committee  on  Meetings 
WM.  T.  MAGRUDER,  Chmn. 
W.  H.  BALUVELT 
E.  D.  DREYFUS 
A.  H.  GOLDINGHAM 
NISBET  LATTA 
H.  B.  MACFARLAND 


Gas  Power 
Literature   Committee 
R.  B.  BLOEMEKE,  Chmn. 
H.  S.  ISHAM 
W.  F.  MONAGHAN 
A.  W.  H.  GRIEPE 
W.  S.  MORRISON 
H.  G.  WOLFE 
N.J.YOUNG 
S.  O.  SANDELL 
S.  I.  OESTERREICHER 
J.  MAIBAUM 

Gas  Power 
Installations  Committee 
L.B.LENT.    Chmn. 
A.  BEMENT 
C.  B.  REARICK 


Secretary 
GEO.  A.  ORROK 

Gas  Power  Plant 
Operations  Committee 
I.  E.  MOULTROP.  Chmn. 
J.  D.  ANDREW 
C.  J.  DAVIDSON 
C.  N.  DUFFY 
H.  J.  K.  FREYN 
W.  S.  TWINING 
C.  W.  WHITING 

Gas  Power 
Membership  Committee 
H.  R.  COBLEIGH,  Chmn. 
H.  V.  O.  GOES 
A.E.JOHNSON 

F.  S.  KING 

A.  F.  STILLMAN 

G.  M.  S.  TAIT 
GEORGE  W.  WHYTE 
S.  S.  WYER 


OFFICERS     OF     STUDENT     BRANCHES 


INSTITUTION 

DATE 
AUTHORIZED 
BT  aOUNCTL 

HONORART 
CHAIRMAN 

PRESIDENT 

CORRESPONDINQ 
BECRETART 

Stevens  Inst,  of  Tech. 

Dec.  4, 1908 

Alex.  C.  Humphreys 

A.  E.  Bauhan 

A.  D.  Karr.i 

Cornell    University 

Dec.  4. 190S 

R.  C.  Carpenter 

F.  E.  Yoakem 

D.  S.  Wegg,  Jr. 

Armour  Inat.  of  Tech. 

Mar.  9,  1909 

G.  F.  Gebhardt 

A.  J.  Beerbaum 

P.  L.  Keachie 

LelandStanfordJr.Unlv. 

Mar.  9,  1909 

W.  F.  Durand 

C.  H.  Shattuck 

C.  W.  Scholefield 

Brooklyn  Poly.   Inst. 

Mar.  9.  1909 

W.  D.  Ennls 

A.  L.  Palmer 

R.  C.  Ennls 

Purdue  University 

Mar.  9, 1909 

L.  V,  Ludy 

L.  Jones 

H.  E.  SprouU 

University  of  Kansas 

Mar.  9,  1909 

P.  F.  Walker 

V.  H.  Hllford 

L.  L.  Browne 

New  York  University 

Nov.  9,  1909 

C.  E.  Houghton 

Harry  Anderson 

Andrew  Hamilton 

Univ.  of  Illinois 

Nov.  9, 1909 

W.  F.  M.  Goss 

F.  J.  Schllnk 

E.  J.  Hasselqulst 

Penna.  State  College 

Nov.  9, 1909 

J.  P.  Jackson 

J.  A.  Kinney 

H.  S.  Rodgers 

Columbia   University 

Nov.  9, 1909 

Chas.  E.  Lucke 

N.  E.  Hendrlckson 

W.  E.  Ruprecht 

Mass.   Inst,  of  Tech. 

Nov.  9, 1909 

Gaetano  Lanza 

J.  A.  Noyes 

R.  M.  Ferry 

Univ.   of   Cincinnati 

Nov.  9,  1909 

J.  T.  Falg 

C.  J.  Malone 

J.  H.  Schneider 

Univ.  of  Wisconsin 

Nov.  9,  1909 

H.  J.  B.  Thorkelson 

F.  B.  Sheriff 

L.  F.  Garlock 

Univ.  of  Missouri 

Dec.  7. 1909 

H.WadeHlbbard 

G.  D.  Mitchell 

P.  A.  Tanner    . 

Univ.   of   Nebraska 

Dec.  7, 1909 

C.  R.  Richards 

W.  0.  Forman 

C.  A.  Bennett 

Univ.  of  Maine 

Feb.  8,  1910 

Arthur  C.  Jewett 

A.  H.  Blalsdell 

W.  B.  Emerson 

Univ.  of  Arkansas 

Apr.  12, 1910 

B.  N.  Wilson 

W.  Q.  WiUlams 

H.  W.  Barton 

Yale  University 

Oct.  11,1910 

L.  P.  Breckenrldge 

F.  M.  Jones 

W.  St.  C.  Chllds 

Rensselaer  Poly.  Inst. 

Dec.  9, 1910 

A.  M.  Greene,  Jr. 

G.  K.  Palsgrove 

H.  J.  PartheslUB 

State  Univ.  of  Ky. 

Jan.  10, 1911 

F.  P.  Anderson 

J.  W.  Gary 

J.  T,  Lowe 

Ohio  State  University 

Jan. 10, 1911 

E.  A.  Hitchcock 

H.  T.  Lang 

W.  J.  Assel 

Washington   University 

Mar.  10, 1911 

F.  E.  Glasgow 

Lehigh  University 

June  2, 1911 
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THE  WARNER  &   SWASEY   COMPANY 

CLEVELAND,  OHIO 
Branch  Offices:  NEW  YORK,  CHICAGO.  DETROIT 


TURRET  LATHES        TURRET  SCREW  MACHINES        BRASS-WORKING  MACHINE  TOOLS 


UNIVERSAL  HOLLOW-HEXAGON 
TURRET   LATHES-NowMade  in  Two  Sizes 


Entirely  new  in  design  these 
machines  embody  all  of  the 
desirable  features  of  a  highlN- 
developed  Turret  Lathe  with 
those  of  the  most  advanced 
engine  lathe  —  every  modern 
facility  provided  for  the  most 
rapid,  accurate  and  economical 
production  of  both  bar  and 
chucking  work. 

No.  2A — Bar  work  2i  x  26";  castings 

and  forgings  12" 
No.  3 A — Bar  work  3i  x  36";  castings 

and  forgings  15' 


No.  2A — With  Chucking  Equipment 


ii 


The  Planers  of  Woods" 


High  Speed  Planers  Matchers  and  Moulders 

WITH    LABOR    SAVING    DEVICES    WHICH    PROVIDE 
FOR  A  MAXIMUM  OUTPUT  AT  A  MINIMUM  EXPENSE 

S.   A.   WOODS  MACHINE  CO. 

THE  PLANER  SPECIALISTS 


BOSTON  U.S.A. 


CHICAGO 
NEW  ORLEANS 


NORFOLK 
SEATTLE 


This  Book  is  for  the  Company 


"Machine  Building  for  Profit"  is  sent  free  on  request  to  the 
Owner,  Proprietor,  Manager,  Superintendent  or  Foreman  of 
a  Machine  shop  in  which  Lathes  are  used  for  turning  out 
chucking  work  under  14''  diameter  and  bar  work  under  3''  in 
diameter  and  less  than  36''  long. 


Springfield,  Vt. 
U.S.A. 


Jones  &  Lamson 


Germany,   Tlolland,   Belgium,   Switzerland,  Austria-Hungary, 
M.  Koyeinanr,  Charlottenstrasse,  112  Dilsseldorf,  Germany. 


This  Book  is  for  the  Operator 


The  Flat  Turret  Lathe  Manual  is  sent  to  the  Company 
or  any  officer  of  it,  but  is  more  especially  intended  for  the 
use  of  the  man  who  runs  the  machine. 

It  is  furnished  free  of  charge  to  any  Operator  who  is  run- 
ning one  of  our  Flat  Turret  Lathes. 


Machine  Company 


Queen  V^ictoria  St. 

London,  E.  C. 


France  and  Spain,  Ph.  Bonvillain  and  E.  Ronceray,  9  and  11 
Rue  des  Envierges,  Paris.     Italy,  Adler  &  Elsenschitz,  Milan 


"CROWN" 
SAND    RAMMERS 

FLOOR  AND  BENCH  TYPES 

More  castings  and  better  castings, 
at  less  cost— this  is  the  ideal  of 
every  foundry  man. 


As  a  first  step  toward  this  ideal, 
install  a  ''Crown"  Sand  Rammer. 
It  will  please  you  by  its  work  and 
its  staying  power— and  you  will 
add  others  as  you  learn  more  of 
its  possibilities. 

You  cannot  expect  high-class  work 
unless  you  have  high-class  tools 
to  work  with. 


COMPRESSORS  AIR    HOISTS  AIR  TOOLS 

INGERSOLL-RAND  CO. 

NEW  YORK  LONDON 

Offices  in  All  Principal  Cities  of  the  World 


Union  Drawn  Steel  Co* 

of  Beaver  Falls,  Pa* 


A  STUDY  IN  BRIQHT  DRAWN  STEEL  SHAPES  . 

UNION  DRAWN  STEEL  CO.  ^BEAVKR  FALLS  PA. 


Ital^  OBk.  V^  ^»  B  «i  # 


Makers  of  Bright  Cold  Finished  Bessemer,  Open  Hearth 
Crucible  and  Alloy  Steels,  in  Rounds,  Flats,  Squares,  Hexa- 
gons and  Special  Shapes;  straight,  accurate  to  section,  with 
polished  superior  wearing  surface;  for  Shafting,  Duplicate 
Shafts  for  machine  construction,  piston  and  pump  rods,  keys, 
feathers,  slides,  and  guides;  Special  simple  and  alloyed  steels, 
cold  finished,  for  all  special  requirements,  particularly  adapted 
for  rapid  machining  in  screw  machines,  hand  or  automatic. 


BRANCH  OFFICES  AND  WAREHOUSES 

Atlanta  Boston  Buffalo  Chicagfo 

Cincinnati  New  York  Philadelphia 


MEAD -MORRISON 

MANUFACTURING  COMPANY 


THE    McCASLIN   CONVEYOR 

THE  above  illustration  is  of  one  of  the  four  McCaslin  Conveyors  in 
the  plant  of  the  Riverside  Portland  Cement  Company,  Riverside 
Cal.      It  shows  Conveyor  Number  3  in  tunnel  under  discharge  end 
of  the  rotary  kilns.     The  hot  clinker  is  discharged  from  the  kilns  into  the 
pits,  from  which  it  is  delivered  to  the  conveyor   through  the  spouts  shown 
in  the  picture. 

WORKS  AND  GENERAL  OFFICES 


Cambridge,     Mass 


New  York 

Chicago 

Baltimore 


149  Broadway 
Monadnock  Block 
821  Equitable  Building 
Montreal 


Pittsburg 
San  Francisco 
New  Orleans 
286  St.  James  St. 


108  Parkway,  N.  S. 

Metropolis  Bank  BIdg. 

110  North  Peters  St. 


THE    RICHARDSON 
AUTOMATIC    COAL    SCALES 

Are  unsurpassed  in  point  of  reliability  and  efficiency 

Are  you  paying  for  your 
coal  on  bill  of  lading  or 
dealers'  weights? 

If  so,  the  chances  are  you 
are  paying  too  much. 

Why  not  install  a 
MECHANICAL 
DETECTIVE 

and 

Satisfy  Yourself 

that  you  are  receiving  all  the  coal  paid  for.  It  is  an 
item  that  cannot  be  overlooked  when  considering  costs 
or  close  control. 


RICHARDSON      AUTOMATIC 
ELECTRIC    COAL    SCALES 

Will  tell  you  exactly  the  amount  of  coal  fed 
to  the  boilers,  and  detect  imy  wastage  on 
part  of  firemen  or  inefficiency  of  boilers. 
Cannot  be  stopped  by  wet  or  lumpy 
coal  or  any  foreign  matter 

Absolutely  Dependable  -  Satisfaction  Guaranteed 
Many  Successful  Installations 

AUTOMATIC    SCALES    FOR    BELT    OR    BUCKET    CONVEYORS 
ALSO    FOR    WEIGHING    WATER    TO    BOILERS 


RICHARDSON     SCALE     CO. 

13  PARK  ROW,  NEW  YORK 

79  W.  MONROE  ST.,  CHICAGO  OLIVER  BLDG.,  BOSTON,  MASS. 


Westinghouse 

steam  Turbines  for  Small  Powers 


100  kw.  Westinghouse  Turbo-Generator  Set— A.C.  with  direct  connected  exciter 

'  I  'HE  same  excellence  of  design  and  ruggedness  of 
construction,  which  have  made  our  larger  turbines 
so  eminently  successful  during  the  past  sixteen  years, 
are  incorporated  in  these  turbines  of  smaller  size. 

They  are  now  being  most  satisfactorily  used  for 
driving  Centrifugal  Pumps  for  condenser  service,  boiler 
feeding,  irrigation  and  dredging;  for  driving  Centrifugal 
Blowers  or  Exhausters  for  ventilation,  blast  for  furnace, 
compressor  service — air  or  gas,  etc.,  and  for  driving 
A.C.  and  D.C.  Generators  for  various  purposes. 

In  short,  well — you  can't  do  better  than  a  Westing- 
house  Steam  Turbine. 

Write  nea.rest  office  for  full  particulars 


The   Westinghouse   Machine   Co. 


New  York,  165  Broadway 
Boston,  131  State  Street 
Atlanta,  Candler  Building 
St.  Louia,  Chemical  Building 
Pittsburgh,  Westinghouse  Building 
Cleveland,  New  England  Building 


Chicago,  39  So.  La  Salle  Street 
Cincinnati,  1103  Traction  Building 
Philadelphia,    North   American  Building 
Denver,  1062  Gas  &  Electric  Building 
San  Francisco,  Hunt,  Mirk  &  Co. 


Mexico:    Compania  Ingeniera,  Importadora  y  Contratista,  S.  A. 
(Successors  to  G.  &  O.  BranifT  &  Company),  City  of  Mexico 


The  Best  is  None  Too  Good 


an  extract  from  the  report  of  D.  A  Morris, 
Metallurgist,  read  at  a  meeting  of  the  Sales 
Representatives  of  the  Nelson  Valve  Com- 
pany :         :         :         :  Philadelphia 


A  Professor  of  Mechanical  Engi- 
neering in  one  of  our  leading  univer- 
sities once  said  in  the  course  of  his 
lectures,  "What  is  good  enough  is  best." 
It  made  a  great  hit  and  was  quoted 
continually  about  the  campus.  It 
sounds  all  right;  it  certainly  looks  as 
if  things  which  are  good  enough  must 
be  the  best,  taking  all  things  into 
consideration. 

Since  coming  to  this  plant,  how- 
ever, I  have  had  occasion  to  think 
over  this  phrase  many  times.  When 
I  first  came  here  I  had  little  to  do  and 
I  saw  many  things  which  set  me  to 
thinking.  Only  the  best  materials 
were  being  used  for  our  Bronze  and 
Iron  mixtures;  Lake  Copper  instead 
of  the  cheaper  brands;  Straits  Tin, 
which  is  the  best  that  can  be  procured, 
and  the  best  brands  of  Refined  Spel- 
ter and  Lead.  In  the  Iron  Foundry, 
2X  Iron  and  Selected  Machinery  Scrap 
were  used,  while  nothing  but  the  best 
coke,  namely:  72-hour  Connellsville, 
was  used  in  the  cupola.  Only  the  best 
castings  passed  from  the  foundry  to 
the  Machine  Shop.  Very  often  the 
defect  was  so  slight  that  it  could  be 
detected  only  by  the  closest  inspec- 
tion.     In   the  Machine  Shop   again 


castings  were  scrapped  because  of 
some  slight  flaw  showing  up  in  the 
machining  and  finally,  when  these 
thoroughly  inspected  valves  were  put 
under  the  hydraulic  test,  others  were 
thrown  out,  if  the  slightest  sweat 
developed. 

The  thought  came  to  me  that  if 
"What  is  good  enough  is  best,"  why 
could  not  cheaper  materials  be  used 
in  our  Bronze  and  Iron  mixtures? 
Other  valve  concerns  used  them  and 
their  valves  were  being  sold.  Sec- 
ondly, would  not  some  of  those  valves 
thrown  out  in  the  Iron  Foundry  and 
in  the  Machine  Shop  stand  the  test 
just  as  well  as  those  which  had  passed 
inspection;  and  finally,  would  not 
many  of  the  valves  which  developed 
only  the  slightest  sweats  under  these 
severe  hydraulic  tests  answer  all  prac- 
tical purposes.  They  might  have; 
but  I  soon  found  that  Mr.  Mason's 
policy,  and  therefore  the  policy  of 
this  Company,  was  not  "What  is  good 
enough  is  best"  but  "The  best  is  none 
too  good."  Theoretically,  "What  is 
good  enough  is  best"  is  all  right,  but 
how  is  one  to  determine  what  is  good 
enough  ?  Our  way  is  to  use  the  best 
and  be  on  the  safe  side. 


The  Xelson  Valve  Company's  Laboratories 


To  Users  of  Taps  and  Dies 


l>^jrjjr.M.Mjr.Mji_MJijiJir|-ri 


This  Trade 


REGISTERED 

V 


Mark  Means 


an  absolute  guarantee  of  first  QUALITY 

40  years  on  the  market  makes  our  Machine  Screw  Taps 

the  pioneers  in  their  class.     They  have  no  superiors,  and 

are  fully  guaranteed 

Taps  and  Dies  furnished  to  A.  S.  M.  E.  Standard  at  regular  prices 

J.  M.  Carpenter  Tap  &  Die  Co.,  Pawtucket,  R.  I. 

High-Speed  Steam-Hydraulic  Forging  Presses 

double   your    production   with    one-half 
your  labor  cost  and  steam  consumption 


COST  OF  REPAIRS  REDUCED 


Eliminates  Heavy  Shocks  and 
Vibration 


SINGLE  LEVER  CONTROL 


SMALL  SIZES— Single  Frame  Type 
LARGE   SIZES— Four   Column   Type 


BUILT  FOR  ALL    CLASSES  OF 
FORGING,  SHEARING  OR    PRESSING 


100  Tons  to  12,000  Tons  Capacity 

MANUFACTURED  UNDER  DAVY  BROS.,  LTD.,  PATENTS 

UNITED  ENGINEERING   &  FOUNDRY  CO. 

2300   FARMERS'    BANK  BUILDING  PITTSBURG,   PA. 
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BYES 


VERTICAL  OR 
HORIZONTAL 


T-SQUARE 


The  Keynote  in  the  modern 
draughting  room  is  "Speed  with 
Accuracy."  These  two  essentials 
are  readily  obtained  by  using  The 
Noyes  Vertical  or  Horizonlal  T- 
Square.  B3'  accurate  records  of 
work  done  b}'  ordinary  T-Square 
and  triangle,  it  was  shown  that 
the  ''Xoycs"  completed  the  same 
drawing  with  a  saving  of  o\-er  5 
the  time;  tliis  was  accomplished  by 
the  draftsman  while  sitting  or 
standing  in  a  normal  healthful 
position.  Another  strong  point  is, 
that  a  full-sized  drawing  of  an 
Engine  or  piece  of  ISIachinery  can 
be  made  with  as  much  ease,  as  one 
made  on  a  24  x  36-inch  board. 
There  is  practically  no  limit  to  the 
size  of  drawing  it  is  possible  to 
cover.  Let  us  send  you  circular  describing  this  necessary  adjunct  to  the  modern 
draughting  room  showing  how  speed,  accuracy  and  health  aie  obtained  by  using 
the  "Noj-es  Vertical  or  Horizontal  T-Square." 


EMMERT  MFG.  CO.     WAYNESBORO.  PA. 


BLUE  PRINTS  are  often  desired  on 
short  notice  for  some  special  reason. 
The  eng,ineer  dependino-  upon  sun  print 
frames  is  courting  disappointments. 

With  the  BUCKEYE  ELECTRIC 
BLUE  PRINTING  MACHINE,  perfect 
prints  can  be  made  at  all  times,  day  or 
night,  without  delay  or  trouble  and  at 
less  expense  than  by  any  other  method. 

This  is  owing  to  the  simplicity  of  de- 
sign, plus  thoroughness  of  construction 
which  make  it  fool  proof  and  durable. 

Write  for  Catalog  "The  Sun  That  Never  Sets" 


BUCKEYE  ENGINE  CO. 

SALEM,  OHIO 


11 


Nash  Gas  Engines 


'iiMjjIlll » wv  '■WJI*"»)J 


Operating  on  Producer 
Gas  furnish  the  most  Eco- 
nomical power  obtainable. 

Preferred  for  all  reliable 
power  requirements.  Ex- 
ceedingly close  regulation 
combined  with  greatecon- 
om !. 

Operate  on  Gas,  Gaso- 
line, Producer  Gas,  etc. 
Sizes  6  to  425  H.P. 

Send  for  Catalogue 
"" Makers  of  the  world  famoxis  Water  Meiers  Crown,  Empire,  Nash,  Gem,  Preynier 

NATIONAL   METER    COMPANY 

Estawuhed       84  CHAMBERS  STREET,  NEW  YORK    John c Keiiey. 

Chicago        Boston       Pittsburg      San  Francisco       Cincinnati        Los  Angeles 


IMMUNE   TO   the   evils   of    EXPANSION 


PROVED 

^■^  ITS 

»—   SUPERIOR  COMPARATIVE  MERITS 

^^J  FOR 

^S       BOILER  BLOW-OFF.  ETC. 

BECAUSE   IT 

meets  requirements  perfectly 
without    repairs    or    complaint 

SPECIFIED  AND  USED  BY  fc.1.S  fSS^P^LlNis 

JOHN  SIMMONS  CO..  no  centre  st..  New  York,  N.Y. 
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ECONOMY  IS  WEALTH 

STEAM  means  coal;  coal  costs  money;  if  you  would 
save  both  and  secure  the  maximum  of  power  at  a 
minimum  cost,  purchase  and  install  one  of  our  latest 
High  Speed  Corliss  engines  equipped  with  the  "Franklin" 
(patent)  Horizontal  Gravity  Latch-releasing  valve  gear. 
Highest  attainable  economy  and  close  regulation  guaran- 
teed. Rotative  speed  150  to  200  revolutions  per  minute. 
Direct  connected  or  belted  types,  either  simple  or  com- 
pound. 

Send  for  descriptive  catalogue 

HEWES  &  PHILLIPS  IRON  WORKS 

NEWARK,  N.  J. 


wmif 


Ridgway 


—  Engines 

are  a  permanent  and 
paying  investment. 

You  soon  forget 
what  you  paid  for 
your  engines  when  they  give  good  service. 
But  when  they  cause  trouble,  you  can  not 
forget  what  they  are  costing  you. 

Ridgway  Engines  and  Generators  are  built  and  sold  on 
a  basis  of  quality;  of  profit  earning  capacity;  of  permanent 
satisfaction  to  the  user. 

RIDGWAY  DYNAMO  AND  ENGINE  CO. 

RIDGWAY,  PP:NNA. 
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^jlC)      LUNKENHEIMER 
^  •  "RENEWO"  VALVES 

ARE     POSITIVELY    THE     MOST 
DURABLE  AND  PRACTICAL  MADE 

The  seating  surfaces  can  be  re-ground  and  all 
parts  subjected  to  wear  can  be  renewed,  includ- 
ing the  disc  and  seat.  The  seat  is  self-cleansing 
and  is  made  of  a  hard  close-grained  nickel, 
the  bronze  used  in  the  body  and  other  trim- 
mings contains  a  high  percentage  of  copper 
and  tin.  The  improved  construction  of  the  disc 
preserves  the  seating  faces  and  prevents  water 
hammer. 

'  '  Lunkenheimer  "Renewo"  Globe,  Angle  and  Cross  Valves  are  made  in  two 
patterns^medium  and  extra  heavy — guaranteed  for  working  pressures  up  to 
200  and  300  pounds  per  square  inch  respectively.  They  are  furnished  in  sizes 
ranging  from  I  to  3  inches  inclusive. 

MOST  supply  housessell  them -yours  GAN-if  they  DONT  or  WONT— tell  US. 

THE   LUNKENHEIMER  CO. 

NFW  YORK    64-6l»  Fulton  St  LARGEST    MANUFACTURERS    OF    HIGH  GRADE 

CHICAGO,  186  I?  Dearborn^  ENGINEERING  SPECIALTIES  IN  THE  WORLD 

NEW  ORLEANS,  TulaneNewcombBidg.  General  Offices  and  Works 

BOSTON,  138  High  St.  ^,k,<-immati      r^u,  j  r^      tt     o      a 

LONDON,  S.  E.,  35  Great  Dover  St.  CINCINNATI,    OHIO,    U.  S.  A. 


The  first  step 


toward  obtaining  the  highest  power 
plant  efficiency  is  the  selection  of  individual  machines 
best  adapted  to  the  specific  conditions  of  service.  The 
next  is  to  insure  that  all  parts  of  the  plant  are  so 
designed,  constructed  and  installed  that  they  will  oper- 
ate in  absolute  harmony. 

This  cannot  readily  be  secured  when  there  are  differences  in 
methods  of  manufacture  and  a  conflict  of  j  udgment  or  experience 
between  the  designers  of  the  several  parts. 

Allis-Chahners  installations  yield  the  maximum  output  that 
can  be  obtained  under  the  existing  commercial  conditions  at  the 
minimum  expense  per  kilowatt  hour  for  operation  and  maintenance. 

Select  the  type  of  prime  mover  best  suited  to  your  requirements, — 
Steam  Turbine,  Gas  Engine,  Hydraulic  Turbine  or  Steam  Engine — all 
are  built  by  AUis-Chalmers  Company,  together  with  complete  electrical 
equipments. 

Allis  —  CKaliners    Coiicipany 

General  Offices     -     Milwaukee,  Wis. 

Offices  in  all  principal  cities 
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THe  Improved 


Murphy   Automatic  Furnace 

We  have  built  this  furnace  for  over  thirty  years,  improving 
it  wherever  possible  and  sparing  no  effort  nor  expense  to 
make    it    as    nearly    perfect    as    can    be    produced 


The  largest  plant  in  the  world  devoted  exclusively  to  the  manufacture 
of  Automatic  Furnaces. 

We  will  be  pleased  to  send  full  details  and  description  on  application. 

MURPHY  IRON  WORKS,   Detroit,  Mich. 

FOUNDED  1878  INCORPORATED  1904 


U.    S.    AUTOMATIC    INJECTORS 


STEAM 


mean  exactly  what  we  claim  for 
them — 100  per  cent,  efficiency 
upon  any  steam  boiler.  And 
"100  per  cent,  efficiency," 
means  that  no  steam  is  wasted — 
all  the  heat  employed  in  the 
operation  of  forcing  water  into 
the  boiler  is  saved  by  being 
returned  to  the  boiler  from 
which  it  issued.  They're  the 
best  and  most  economical  injec- 
tor on  the    market    today,   bar 

none. 

Every  mechanical  engineer  should 
have  our  Catalog  "L"  and  the 
"Engineer's  Red  Book,"  both  brim- 
ful of  useful  information. 

Just  write  your  name  on  a  slip  of 
paper  and  say  *  'Catalog  L  and  Red 
Book"   and  mail  to  us  today. 

AMERICAN     INJECTOR     COMPANY 

DETROIT  184  Fourteenth  Ave.  MICHIQAN 
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BALL  CORLISS  ENGINE 

With  Non-Detaching  Valve  Gear 

It  was  the  arop  cut-off  gear  which  made  the  Corhss  Engine  successful  and  economical  for  slow  speeds. 

The  feature  which  distinguishes  our  High  and  Medium  Speed  Engines  and  makes  them  superior  to 
all  other  four-valve  engines  is  our  patented  non-detaching  valve  gear. 

This  gear  by  positive  action  gives  the  valves  the  same  movement  that  the  drop  cut-ojf  of  the  slow 
speed  Corliss  produces  by  picking  up  and  dropping  them. 

The  valve  gear  opens  and  closes  the  valves  at  the  proper  time,  and  holds  the  valves  absolutely  still 
during  over  half  a  revolution. 

The  valves  are  given  the  movement  necessary  for  the  greatest  durability  and  tightness,  and  the  best 
form  of  valve  is  made  possible. 

This  engine  marks  the  extreme  limit  of  excellence  so  far  reached  in  economy  and  quiet  running. 

BALL  ENGINE  CO.,  Erie,  Penn. 


IlwProcess  Noiseless  Pinions 
Reduce  ViBR4TioN 


Where  reciprocating  movement  of  parts, 
intermittent  action  of  a  cutting  tool,  pulsations, 
etc.,  cause  sudden  load  variations  and  set  up 
vibration  at  tfie  contacts  of  metal  to  metal 
gearing,  the  accuracy  of  finely  fitted  parts  and 
the  rigid  nicety  of  the  whole  machine  are 
bound  to  be  destroyed. 

Substitute  New  Process  Noiseless  Pinions 
for  the  ringing,  racking  metal  pinions  and  you 
will  have  conquered  the  hammering  vibration 
and  the  noise.  You  will  have  the  same  positive 
and  powerful  transmission,  pinions  that  last 
every  bit  as  long  as  would  the  metal  pinions, 
and  you  will  have  far  less  danger  of  damage 
from  breakage  of  the  gear  teeth. 

Write  for  booklet. 

New  Process  is  to  all  other   Rawhide 
as  Steel  is  to  Iron. 


Tl.eNEWPRO[ESs|^^pp^  |Raw  Hide  Co. 


OFFICE  i  WORKS 


wz 


SYRACUSE,  N.Y. 
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Handling  Coal  and 
Ashes  with  least 
trouble  and  expense 

Jeffrey-  Coal  and  Ashes  Handling  Equipment  at 
Sioux  City,  (Iowa)  Service  Co.  Pivoted  Bucket 
Convej'er  handles  Coal  from  receiving  hopper 
to  bins.  Ashes  are  handled  by  same  Conveyer, 
eliminating  all  hand  labor. 


Jeffrey  Mfg.  Co. 

Columbus,  Ohio 


We  design  and  build  Coal  and  Ashes  Handling 
Equipments  to  suit  all  practical  requirements. 


Send   for    Calalog    No.  32,    des- 
cribing tnany  of  our  installations 


The  Strength  of  a  Conveyor 
Belt    is   in   the   Duck 

This  is  on  tlie  inside  where  3^011  can't  see  it.  You  must  depend  upon  the  reha- 
bility  of  the  conccin  suppl3ang  the  belt  and  upon  the  accuracy  of  the  recommenda- 
tion due  to  engineering  experience  in  similar  installations. 

The  tensile  strength  of  the  belt  depends  upon  the  strength  of  the  warp  or  length- 
wise threads  in  the  duck.  To  be  the  maximum  it  must  be  made  of  high  grade,  long 
staple  cotton. 

To  have  the  necessary  life-giving  qualities  it  must  be  put  together  with  proper 
friction. 

Lastly,  it  must  be  thoroughly  protected  by  a  proper  rubber  cover  from  wear 
and  moisture.  xiil 

Goodrich  Conveyor  Belts 

Are  made  in  the  largest  rubber  factory  in  the  world. 

A  factory  which  has  developed  entirely  through  the  quality  of  its  products. 
We  do  not  make  conveyor  systems  but  only  conveyor  belts. 

Concentrating  upon  their  manufacture  the  results  of  long  experience  and  intimate  knowledge  of 
conveyor  practice. 

Not  on  a  first  cost  basis — 

But  upon  a  basis  of  lowest  cost  per  ton  of  ore  carried,  Goodrich  Conveyor  belts  are  sold. 

Write  for  Catalogue,  samples  or  any  particulars  you  may  wish 

The  B.F.Goodrich  Company 

Akron,  Ohio,  U.  S.  A.  ^^„^-^  ^^ 


The  plain  truth 
about  wire  rope 

There  are  just  two  ways  in  the  wide  world  to  cheapen  wire  rope; 

(i)  Rush  the  rope  through — kinks,  twists,  imperfections  and 
all — or 

(2)    Substitute  cheap  material. 

The  buyer  who  insists  on  low  prices  forces  the  maker  to  one  or 
both  of  these  evils. 

That  is  all  there  is  to  the  cheapening  problem — absolutely  a-l-1. 

Therefore  the  buyer  of  cheap  ropes  buys  a  liability  to  much 
trouble — much  expense. 

On  the  other  hand,  "YELLOW  STRAND"  ROPE  stands  first, 
last,  always,  for  HONESTY,  SAFETY,  DURABILITY. 

And  in  the  end  it  is  vastly  the  CHEAPEST  in  the  true  sense  of 
REAL  ECONOMY. 

If  you  don't  want  cheap  rope,  stipulate  "YELLOW  STRAND.' 
And  demand  that  "YELLOW  STRAND"  appear  on  the  mvoice. 

Ask  for  Catalogue  No.  2. 


BRODERICK 

& 

BASCOM  ROPE 

CO. 

ST. 

LOUIS,  MO. 

Works: 
St.  Louis,  Mo. 
Seattle,  Wash. 

Branches: 

76  Warren  St.,  New  York 

Seattle,  Wash.,  San  Francisco 

Conveyors 

Papers  read  before 
The  American  Society  of  Mechanical  Engineers 

List 
No.  Price 

430  Hydraulic  Hoisting  Plant  for  Pier  of  Brooklyn  Sugar 

Refining  Co.,  Engel $   .  20 

544  Haulage  by  Horses,  Briggs 40 

1090  Measuring  and  Mixing  of  Crushed  Materials,  Trump. .      .20 

1190  Hoisting  and  Conveying  Machinery,  Titcomb 20 

1191  Continuous  Conveying  of  Materials,  Peck 20 

1192  The  Belt  Conveyor,  Baldwin 20 

1193  Conveying  Machinery  in  a  Cement  Plant,  Tomlinson.      .  10 

1194  Performance  of  Belt  Conveyors,  Haddock 10 

1195  Discussion  on  1190,  1191,  1192,  1193,  1194 30 

1234  A  Unique  Belt  Conveyor,  Soper, 10 

1235  Automatic  Feeders  for  Handling  Material,  Baldwin, .  .      .  10 

2.10 

Price  per  set,  $2.00  (Members'  rates  are  half  the  list  price) 

Address,  Calvin  W.  Rice,  Secretary,  29  W.  39th  Street,  New  York 
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CTHE  TRIPLEX  BL0CK:)  = 

First  and  Last  Things 

The  first  thing  a  Triplex  Block  gives  you 
is  efficiency — one  man  alone  hecomes  able  to 
lift  twenty  tons. 

The  last  thing  a  Triplex  Block  gives  you 
is  trouble — -after  years  of  hard  service  it  keeps 
on  eioing  its  work. 

Efficiency,  economy,  durability — these  you 
will  find  in  the  Triplex  Block  in  a  higher 
degree  than  in  any  other  hoisting  device  ever 
built. 

The  Book  of  Hoists  is  tvell  ivorth  a  postcard 

The  Yale  &  Towne  Mfg.  Co. 


9  Murray  Street 


New  York,  U.  S.  A. 


THE 

STANDARD 

WIRE 

ROPE 
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Simplex  not  Duplex 
"To  be  simple 
is  to  be  great" 


Steam  and  Power  Pumping  Machinery 

For  every  service 

American  Compound  Pumps  work- 
ing on  Elevator  or  Water  Works 
service  have  shown  a  very  low  steam 
consumption  and  a  minimum  main- 
tenance cost. 

They  have  been  found  reliable 
and  ready  to  work  with  the 
Governor. 

Our  No.  18  Catalogue  goes  into  details. 


Compound  Packed  Plunger  Pump. 


American  Steam  Pump  Company, 


Battle  Creek,  Micli. 
U.  S.   A. 


GOULD'S 

Triplex  Pumps 

Hi^he.^t  efhciency,    fireatest 
strength  and  durability. 

Inu-ni.shed  in  all  capacities  for  every 
service.    Send  for  catalog- 


3.  THE    GOULDS    MFG.    CO. 


78  West  Full  Street,        .Seneca  Falls,  N.Y. 

16  Murray  St.  58  Pearl  St. 

New  York  Boston 

Branches  in  all  large  cities 


CENTRIFUGAL 
PUMPING  MACHINERY 

Of  all   Descriptions 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,   N.  Y. 

HENION  &  HUBBELL,  Agents,  61  69  N.  Jefferson 

Street,  Chicago,  111. 

H.  A.  PAINE,  Agent,  Houston,  Tex. 
New  York  Office,  139-41  Cortlandt  Street 


VENTURI   METERS 


VENTURI   METER   TUBE 


I: 


are    now  measuring    the    total 

water    supplied    to    more    than    a    thousand    cities    and    towns 

throughout   the   world. 

There  is  absolutely  NO  MECHANISM  in  the  METER  TUBE. 

We  make  a  SPECIAL  STUDY  of  each  proposed  installation. 

DESCRIPTIVE  BULLETINS  UPON  REQUEST 

BUILDERS    IRON   FOUNDRY,  providence,  r.  i. 
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INDIVIDUAL  SANITARY  WASH  BOWLS 


Arranged  in  Single  or  Double 
Batterie.s,  of  Practically  Any 
Number  of  Howls: — 

Hot  and  Cokl  or  Cold  Water 
Only.  Plain  Nozzle,  Self- 
C  losing  or  Compression 
Bibbs:— 

Plain  Cast  Iron,  Galvanized 
Iron  or  Vitrified  Porcelain 
Enameled  Iron  Bowls. 

Send  fur  complete  catalog  of  our  full  line  of  all  metal  Shop  and  Factory 
Equijiment,  Sanitary  Wash  Bowls,  Improved  Soda  Kettles,  Improved 
Stools,  Work  Benches,  Stock  Racks,  Sanitary  Drinking  Fountains,  etc. 

MANUFACTURING,    EQUIPMENT   &    ENGINEERING    COMPANY,     BOSTON,     MASS. 


STANDARD  ROLLER  BEARING 
CAR  JOURNALS 

(p.^tented) 

are  fully  described  and  illustrated  in   Bulletin  26. 
Send   for  it. 

Standard  Roller   Bearing  Company 
Philadelphia 


The  fact  is  recognized  among  engineers  that  two  fundamentally  impor- 
tant features  of  Thermo-EIectric  Pyrometers  are: 
(T)  (Quality  of  electrical  movement.      (2)  Control  of   "cold  end"  temperature. 

(1)  The  Wm.  H.  Bristol  electric  pyromeiers  are  fur- 
nished exclusively  with  pivot  jewel-bearing  Weston  milli- 
voltmeter  movements,  the  unique  high  quality  of  which  is 
known  the  world  over. 

(2)  The  Wm.  H.  Bristol  electric  pyrometers  are  the 
only  pyrometers  equipped  with  the  Bristol  patented  thermo- 
electric couples  consisting  of  fire  end  and  extension-piece 
which  pro\  ide  in  a  practical  way  for  controlling  the  cold 
end  temperatures. 

Write  for  56  page  illustrated  catalogue  *  130  explaining  these  exclusive 
patented  features. 

THE  BRISTOL  CO.,   waterbury,  Connecticut 


MANNING,    MAXWELL  &   MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 


85-87-89  LIBERTY  STREET 


NEW  YORK 
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WE   SPECIALIZE 

We  concentrate  our  entire  attention  on  valves  and  hy- 
drants and  do  not  have  a  line  of  miscellaneous  sundries 
such  as  fittings,  boiler  trimmings,  etc.,  to  divide  our 
interests.     Thus  we  can  give  valves  particular  attention. 

The  result  of  this  concentrated  effort  is  shown  in  Ken- 
nedy Valves — it  shows  in  their  design,  workmanship 
nnd  finish. 

THE  KENNEDY  VALVE  MFG.  CO. 

Main  Office  and  Works.    1028  E.  Water  St..  ELMIRA.  N.  Y. 
Branch  Office  and  Warehouse.  45  Beebnan  St..  NEW  YORK  CITY. 
Asent-les,  666  Western  Union  Bldg,,  Chicago,  111. 

600  Bessemer  Bldg.,  Pittsburg,  Pa. 

262  Market  St.,  San  Francisco,  Cal. 


Massachusetts    Standard    Quality 

BOILERS 

Return  Tubular  Internally  Fired  Upright  and  Water  Tube 

PLATE  WORK  OF  EVERY  DESCRIPTION 

ROBB  ENGINEERING  CO.  Ltd. 

Waverly  St.,  South  Framingham,   Mass. 


JENKINS    BROS.    CHECK   VALVES 

are  made  from  Standard  and  Extra  Heavy  pattern,  both 
brass  and  iron  body  in  several  different  styles — horizon- 
tal, angle,  vertical,  swing.  All  are  fitted  with  the 
Jenkins  Disc,  thus  assuring  a  tight  seat.  And  as  the 
Jenkins  Disc  takes  practically  all  the  wear,  the  seal  is 
seldom  injured,  and  valves  give  long  and  satisfactory 
^ff   service  without  requiring  attention  or  repair. 

Catalogue  mailed  on  request. 
JENKINS       BROS.         new   YORK  boston  PHILADELPHIA         CHICAGO 

HEINE   ^^L^e"   boilers 

and 

SUPERHEATERS 

In  units  of  from  50  to  600  H.  P. 

Heine  Safety  Boiler  Co.,  St.  Louis,   Moo 


BRANCH    OFFICES 
Boston     New  York     Philadelphia     Pittsburgh     Chicago     Cincinnati       New  Orleans 


WATER  TUBE,  INTERNAL  FURNACE  AND  RETURN  TUBULAR 

BOILERS 

ALL    WROUGHT    STEEL   CONSTRUCTION 

E.     KEELER    COMPANY 

Established  1864  WILLIAMSPORT,  PA. 

New  York     Boston     Philadelphia     Pittsburgli 
Cliicago  San  Francisco 


The  Excellent  Economy  of 
HAMILTON    CORLISS     ENGINES 

is  possible  by  their 
small  volumetric 
clearance,  high  me- 
chanical efficiency 
and  fine  workman- 
ship. 
Send  for  Bulletin  F 

THE  HOOVEN,  OWENS,  RENTSCHLER  CO. 


Hamilton,  Ohio 


THE  BABCOCK  &  WILCOX  COMPANY 

85  UBERTY  STREET,  NEW  YORK 

Water  Tube  Steam  Boilers 


STEAM  SUPERHEATERS 


MECHANICAL  STOKERS 


Work.:   BARBERTON,  OHIO     BAYONNE,  N.  J. 


BOSTON,  35  Federal  St. 
PITTSBURGH,  Farmers  Deposit  Bank  Bldg 
S.VLT  LAKE  CITY,  313  Atlas  Block 
CLEVELAND,  New  England  Bldg, 
LOS  ANGELES.  American  Bank  Bldg. 


PHILADELPHIA,  North  American  1 
N'EW  ORLEANS,  Shubert  Arcade. 
CHICAGO,   Marquette  Bldg, 
PORTLAND,  ORE,.  Wells-Fargo  Blc 
SE.\TTLE.  Mutual  Life  Bldg, 


SAN  FRANCISCO,  99  First  Street 
DENVER,  435  Seventeenth  Street 
ATLANTA,  Candler  Bldg. 
HAVANA,  CUBA,  116J  CaUe  de  la  Habani 
CINCINNATI,  Traction  Bldg, 


SCOTCH  BOILERS 
dr. 


DRY  AND  WATERBACK 

ALSO 

IMPROVED  MANNING 
VERTICAL   BOILERS 

AND 

SPECIAL  BOILERS 
FOR  STEAM  HEATING 


KINGSFORD  FOUNDRY  &  MACHINE  WORKS,    osweqo,  n.y. 
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THE 


NOT 

IN  THE 
lTRUST 


HJREEDY 

CINCINNATI,  O. 

ELEVATORS 


COMPANY 
INC. 


EVERY  TYPE 


THE  A.  &  F.  BROWN  CO. 

ENGINEERS,     FOUNDERS,     MACHINISTS 
JAND     MILLWRIGHTS 

POWER     TRANSMISSION 
MACHINERY 

DESIGNED,    FURNISHED   AND    ERECTED 

SPECIAL     MACHINERY 

IRON     CASTINGS 


Friction  Clutch  Pulleys 
and  Couplings 

WORKS:    ELIZABETHPORT 

NEW  JERSEY 


Gears  of  all  kinds 
and  sizes 

SALES    ROOM;   172    FULTON   ST., 
NEW  YORK  CITY 


Power  Transmission  Appliances 

FRICTION  CLUTCH  PULLEYS 
FRICTION  CLUTCH  COUPLINGS 
FRICTION  CLUTCH  QUILLS 
FRICTION  CLUTCH  OPERATORS 
FRICTION  CLUTCH  SHEAVES 


FLOOR  STANDS 

HEAVY  MILL  BEARINGS 

SHAFT   COUPLINGS 

SHEAVES  AND  TENSION  CARRIAGES 

PULLEYS  AND  FLY  WHEELS 


FALLS  CLUTCH  and  MACHINERY  CO. 

CUYAHOGA  FALLS,    OHIO,  U.  S.  A. 
New  York  City,  206  Fulton  St.     Boston,  .14  Purchase  St.     Cincinnati,  208  Elm  St. 


^Y\/RITE  for  a  copy  of  our 
booklet  entitled  ''The 
Modern  High  Speed  Automatic 
Engine,"  which  describes 
The  American  Ball  Angle 
Compound  Engine 


AMERICAN     ENGINE     COMPANY 

42  RARITAN  AVE.,  BOUND  BROOK,  N.  J. 


24 


ALLIANCE  CRANES  AllTypes 

Also  Rolling 
Mill  and 
H  y  d  ra  u  1  i  c 
Machinery, 
Steam    Ham- 

iiiLi-,   i'Liiiches  and  Shears,  Scale  Cars,    Copper 

Converting  Machinery,  etc. 


ALLIANCE,  OHIO 


THE  ALLIANCE  MACHINE  CO. 


Pittsburg  Office,  Frick  Buildini? 


Birmingham  Office,  Woodward  Building 


COMPLETE      FOUNDRY      EQUIPMENT 

For  Grey  Iron,  Brass,  Car  Wheel,  Pipe,  Steel  &  Malleable 
Casting  Plants.     Buildings  designed  and   furnished. 
Equipment   installed.     Initial    operation    con- 
ducted by  our  experts  at  moderate  charge. 
All  types  of  C  R  A  N  E  S     for  every  service 


Practical  designs 
Reliable  construction 


FOUNDRYEQUIPMENTCQ 

HARVEY- ILL.  U.S.  A. 


Catalogs  and  full  in- 
formation on  request 


IfyouneedELECYmC  AND  HAND  TRAVELING  CRANES 

Learn  about 


N0RniERN 
ICRANESl 


Made  to  suit  the  most  exacting  engineering  requirements  and  the  most  severe 
duty.  All  types,  capacities  and  sizes.  Safety  to  employes  given  especial  con- 
sideration in  all  our  designs. 

NORTHERN  ENGINEERING  WORKS, Detroit. 


NEW  YORK  OFFICE,   120  LIBERTY  STREET 


CHICAGO,  539  MONADNOCK 


CLYDE  Hoisting  Engines 

—  EMBODY  — 

Steel  Gears  and  Ratchets,  Bronze  Bushed  Drums, 

Large  Shafts  and   Bearings,   Positive  Frictions, 

Large  Boilers  and  other  Important  Features 

Send  for  Descriptive  Catalog 


CLYDE  IRON  WORKS 
DULUTH,   MINN. 

CHJCAGO,  ILL.,  318-19   FISHER    BLDG. 

NEW  ORLEANS  SAVANNAH  HOUSTON,   TEXAS 

421  Carondelet    501  Germania  1415  Carter 

Street  Bank  Bldg.  Bldg. 


NEW  YORK 

30  Church 
Street 


Gas  Engines 


PAPERS  READ  BEFORE  THE  AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS 

No.  Price  List 

836     Entropy  Temperature  Diagram  of  a  Gas  or  Oil  Engine, 

H.  T.  Eddy 20 

843     An  Efficiency  Test  of  a  Gas  Engine,  C.  H.  Robertson 30 

861     The  Gas  Engine  Hot  Tube  as  an  Ignition-Timing  Device, 

W.  T.  Magruder 30 

875     Efficiency  of  a  Gas  Engine  as  Modified  by  Point  of 

Ignition,  C.  V.  Kerr 20 

879  A  New  Principle  in  Gas  Engine  Design,  C.  E.  Sargent ...  .30 
895     Efficiency  Tests  of  a  One-Hundred    and    Twenty-Five 

Horse  Power  Gas  Engine,  C.  H.  Robertson 40 

920     A  New  Valve  Gear  for  Gas,  Steam  and  Air  Engines, 

E.  W.  Naylor 20 

950  Working  Details  of  a  Gas  Engine  Test,  R.  H.  Fernald ...  .25 
961     Entropy  Analysis  of  the  Otto  Cycle,  S.  A. Reeve 10 

989  A  Method  of  Testing  Gas  Engines,  E.  C.  Ohver 10 

990  Performance  of  an  Internal  Combustion  Engine,  H.  F. 

Halladay 20 

991  Tests  of  a  Twelve  Horse  Power  Gas  Engine,  C.  H.  Robert- 

son   20 

1023    A  Compact  Gas  Engine,  Beam  Type,  C.  H.  Morgan 20 

1031     Commercial  Gas  Engine  Testing  and  Proposed  Standard 

of  Comparison,  W.  P.  Flint 30 

1167     Control  of  Internal  Combustion  in  Gas  Engines,  C.  E. 

Lucke 20 

1202    The  Horse  Power  Friction  Losses  and  Efficiency  of  Gas 

and  Oil  Engines,  L.  S.  Marks 10 

1240     Offsetting  Cylinders  in  Single-Acting  Engines,  T.  M. 

Phetteplace 20 

S  (15)  X-A  Method  of  Improving  the  Efficiency  of  Gas  Engines, 

T.  E.  Butterfield 10 

First  Large  Gas  Installation  in  American  Steel  Works. 

E.  P.  Coleman 60 


$4.45 

Set  complete,  $4.00 


Members'  rates  are  half  price 


Address  Calvin  W.  Rice,  Secretary,  29  W.  39th  St  .  New  York. 
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MACHINE  SHOP   EQUIPMENT 


MACHINE    SHOP    EQUIPMENT 


THE  ALLEN  MFG.  CO.  Inc. 

HARTFORD,  CONN. 
Allen  Patent  Safety  Set  Si-rews.     Made  from  hifj:h-test  steel  bars  and 
warranted  fully  as  stron"^  as  the  hest  projecting  sc-rew  made,  besides  elinii- 
nating-  danger  on  rotating  shafts.      Ask  your  dealer  for  them. 


SAFETY 
SET  SCREW 


BUTTERFIELD  &  CO. 

Derhy  Line,  Vt.         New  York,  126  Chambers  St.         Rock  Isi.and,  P.  Q. 
Manufacturers   of  Taps,    Dies,    Screw   Plates,    Stocks   and   Dies,   Tap 
Wrenches,  and  all  Thread  Cutting  Tools.     Our  goods  are  not  surpassed  by 
any  in  the  world. 


TAPS 
AND 
DIES 


THE  CARBORUNDUM  COMPANY 

NIAGARA  FALLS,  N.  Y. 
Sole  manufacturers  in  America  of  Carborundum,  the  hardest,  sharpest,  quickest 
cutting  and  most  uniformly  perfect  abrasive  material  known.  The  Carborundum  pro- 
ducts include:  Grinding  Wheels  for  every  possible  grinding  need,  Sharpening  Stones, 
Oil  Stones,  Rubbing  Bricks,  Carborundum  Paper  and  Cloth,  Valve  Grinding  Compound, 
Carborundum  Ciraiiis  ;ind  Powders,  and  Garnet  Paper. 


CARBORUNDUM 
PRODUCTS 


THE   J.    M.    CARPENTER  TAP  k  DIE  CO. 

PAWTUCKET,  R.  L 

Carpenter's  Tools  for  cutting  Screw  Threads,  Taps,  Dies,  Screw  Plates, 
Dies  and  Stocks,  Tap  Wrenches,  etc.,  have  been  38  years  on  the  market 
and  38  years^  in  the  lead. 


TAPS 

and 

DIES 


CINCINNATI  GEAR  CUTTING  MACHINE  CO. 
CINCINNATI,  O. 

Our    Automatic    Spur  Gear  Cutting  Machines  exceed  in    power   and 
capacity  and  equal  in  accuracy  any  machines  of  their  type  made. 


GEAR 

CUTTING 

MACHINES 


THE    CINCINNATI    SHAPER    CO. 

CINCINNATI,  O. 
We   manufacture  the   most  complete  line  of  Shapers  made,  including 
Plain  Crank.  Back  Geared  Crank,  Geared  Rack,  Open  Side  and  Traverse 
Shapers,  as  well  as  Crank  Planers. 


SHAPING 
MACHINES 


THE  FELLOWS  GEAR  SHAPER  CO. 

SPRINGFIELD,  VT. 

The  Gear  Shaper  cuts  the  smoothest  gears  in  use,  because  the  cutter  is  a  theoreti- 
cally correct  generating  tool  and  is  ground  after  being  hardened.  It  is  also  the 
fastest  machine  on  the  market  by  25  to  50%.     Literature  gives  reasons  in  detail. 


GEAR 
SHAPERS 
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MACHINE  SHOP  EQUIPMENT 


MILLING 
MACHINES 


THE  GARVIN  MACHINE  COMPANY 


137  Vakick  St. 


NEW  YORK  CITY 


Manufacturers  of  a  complete  line  of  Plain  and  Universal  Milling  Machines,  Screw 
Machines,  Monitor  Lathes,  Tapping  Machines,  Duplex  Drill  Lathes,  Speed  Lathes,  Cut- 
ter Grinders,  Automatic  Chucks,  etc. 


GRINDING 
MACHINES 


THE  HEALD  MACHINE  COMPANY 

WORCESTER,  MASS. 
Manufacturers  of  Grinding?   Machines.     Internal    Grinders,    Cylinder 
Grinders,  Surface  Grinders,  Drill  Grinders. 


AIR 

COMPRESSORS 

AIR  TOOLS 

AND    HOISTS 


INGERSOLL-llAND    COMPANY 


11    BnOADWAY 


NEW  YORK 


Air  Compressors,  twenty  standard  types,  capacity  8  to  8000  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor 
Hoists,  capacity  5  to  5  tons. 


TURRET 
LATHES 


JONES  &  LAMSON  MACHINE  CO. 

SPRINGFIELD,  VT. 

Manufacturers  of  the  Hartness  Flat  Turret  Lathe;  made  in  two  sizes 
for  both  bar  and  chuck  work. 


HEAVY  DUTY 

BORING 

MILLS 


THE  KING  MACHINE  TOOL  CO. 

CINCINNATI,  O. 

Vertical  Turret  Machines,  28"  and  34".     Vertical  Boring  and  Turning 
Machines,  42"  to  84",  inclusive. 


LATHES 

MILLING 

MACHINES 


THE  R.  K.  LE  BLOND  MACHINE  TOOL  CO. 

CINCINNATI,    OHIO. 

We  manufacture  a  complete  line  of  Heavy  Duty  Lathes  and  Milling  Machines. 
They  are  scientifically  designed,  so  the  power  is  limited  only  by  the  strength  of  the 
cutting  tool.     It  will  pay  you  to  investigate  our  machines.     Catalogue  upon  request. 


MACHINE 
TOOLS 

ENGINEERINO 
SPEC 'ALT!  ES 


METAL  SHOP 
AND 
FACTORY 
EQUIPMENT 


MANNING,  MAXWELL  &  MOORE,    Inc. 

SINGER  BUILDING,  NEW  YORK 

Are  the  large.st  and  best  known  distributors  of  Machine  Tools  in  the 
world  and  carry  in  stock  the  product  of  the  foremost  designers  of  the 
many  branches  of  machine  tool  building  in  the  United  States. 


MANUFACTURING  EQUIPMENT  &  ENGINEERING  CO. 
BOSTON,  MASS. 
We  manufacture  a  full  line  of  all  metal  Shop  and  Factory  Equipment, 
Sanitary  Wash  Bowls,  Improved    Soda  Kettles,   Improved    Stools,  Work 
Benches,  Stock  Racks,   Sanitary  Drinking  Fountains,  etc. 
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MACHINE  SHOP  EQUIPMENT 


THE  NEW  PROCESS  RAW  HIDE  CO. 

SYRACUSE,  N.  Y. 

Manufacturers  of  New  Process  Noiseless  Pinions  and  also  of  accurately 
cut  Metal  Gears  of  all  kinds. 


AVALTHAM  MACHINE  AYORKS 

WALTHAM,  MASS. 

Our  Bench  Lathes  swintr  8",  will  take  5"  rod  throufch  tlie  chuck  and  the  workman- 
ship is  of  the  liifrliest  watch  machine  standard.  It  is  a  necessity  in  tlie  modern  tool 
room.  Catalog  for  those  interested.  Also  makers  of  Automatic  I'recision  Bench 
Machinery. 


PINIONS 

AND 

GEARS 


PRECISION 
BENCH 
LATHES 


THE  WARNER  &  SWASEY  COMPANY 

CLEVELAND,  OHIO 

BRANCH  OFFICES:  NEW  YORK  CHICAGO  DETROIT 

We  otTer  a  most  complete  line  of  high-grade  Turret  Lathes  for  producing  work 
accurately,  rapidly  and  economically.  Our  catalog,  which  describes  these  machines 
fully,  will  he  mailed  on  request. 


WELLS  BROTHERS  COMPANY 

GREENFIELD,  MASS. 

We  make  and  sell  the  Little  Giant  line  of  Taps,  Dies,  Screw  Cutting 
Tools  and  Machinery. 


TURRET 
LATHES 


TAPS  AND 
DIES 


STEAM  ENGINES  AND  BOILERS 


ALMY  WATER  TUBE  BOILER  CO. 

PROVIDENCE,  R.  I. 

Manufacturers  of  Almy  Patent  Sectional  Water  Tube  Boilers  for  steamships, 
river  steamers,  both  propeller  and  stern  wheel,  torpedo  boats,  fire  boats,  launches. 
Donkey  Boilers  for  steamships  and  for  all  kinds  of  stationary  work. 


AMERICAN    ENGINE   CO. 

42  Raritax  Ave.  BOUND  BROOK,  N.  J. 

Builders  of  American    Ball  An^le  Compound  Engines.      Angle  com- 


pound, 80  to  1,000  h.  p.;    double  angle  compound,  160  to  2,000  h. 
cylinder  triple,  120  to  1,600  h.  p. 


four 


WATER    TUBE 
BOILERS 


ENGINES 


THE  BABCOCK  &  WILCOX  COMPANY 

85  Liberty  Street,  NEW  YORK 

Water  Tube  Steam  Boilers,  Steam  Superheaters,  Mechanical  Stokers. 


WATER  TUBE 
BOILERS 
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STEAM    ENGINES    AND    BOILERS 


STEAM 
ENGINES 


BALL  ENGINE  COMPANY 

ERIE,  PA. 

Builders  of  Ball  Single  Valve  Automatic  and  High  Speed  Corliss  Engines  with 
non-detaching  valve  gear,  for  direct  connection,  or  belting  to  electric  generators. 


ENGINES 
STEAM  AND  GAS 


BUCKEYE  ENGINE  CO. 

SALEM,  OHIO 
Builders  of  Steam  and  Gas  Engines;  high  in  duty,  superior  in  regu- 
lation.    Buckeye  Four-Stroke  Cycle  Gas  Engine,  single  and  double-acting, 
in  powers  from  50  to  6000  h.  p. 


STEAM 
BOILERS  AND 

ENGINES 
FEED-WATER 

HEATERS 


ERIE  CITY  IRON  WORKS 

ERIE,  PA. 

Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  bottom  portable, 
open  bottom  portable  and  vertical  tubular.  Engines:  four  valve,  enclosed  high  speed, 
automatic,  center  crank,  side  crank,  portable.     Feed- Water  Heaters  from  25  to  600  h.p. 


STEAM 
ENGINES 


HARRISBURG  FOUNDRY  &   MACHINE  WORKS 
HARRISBURG,   PA. 

Manufacturers  of  Fleming-Harrisburg  Horizontal  Engines,  Corliss  and 
Single  Valve,  Simple,  Tandem  and  Cross  Compound. 


WATER 

TUBE 

BOILERS 


HEINE  SAFETY  BOILER  CO. 

ST.  LOUIS,  MO. 

Heine  Water  Tube  Boilers  and  Superheaters,  manufactured  in  units  of 
from  30  to  600  H.  P..  will  materially  reduce  power  plant  expense. 


STEAM 
ENGINES 


HEWES  &  PHILLIPS  IRON  WORKS 

NEWARK,  N.  J. 
Makers  of  improved  Patent,  Double  Port  Corliss  Engines,  Heavy  Duty 
or  Girder  Frame,   Simple  or  Compound,  having  our  new  Franklin  High- 
speed Liberating  Valve  Gear. 


ENGINES 
TURBINES 
CASTINGS 


THE  HOOVEN,  OWENS,  RENTSCHLER  CO. 

HAMILTON,  OHIO. 

Manufacturers  of  Hamilton  Corliss  Engines,  Hamilton  High  Speed 
Corliss  Engines,  Hamilton  Holzwarth  Cteani  Turbines,  Special  Heavy 
Castings. 


BOILERS 


KINGSFORD  FOUNDRY  &  MACHINP:  WORKS 
OSWEGO,    NEW  YORK 

Scotch  Boilers,  Dry  and  Waterback;  also  Improved  Manning  Verti- 
cal Boilers,  and  Special  Boilers  for  Steam  Heating. 
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STEAM   ENGINES  AND   BOILERS 


PROVIDENCE  ENGINEERING  WORKS 

PROVIDENCE,  R.  I. 
Rice   &   Sargent   Higher   Speed   Corliss   Engines,    Improved   Greene 
Engines,  Providence  Gas  Engines  and  Gas  Producers,  Providence  Ste;;ni 
Turbines,  Automobile  Motors  and  Parts,  Special  Machinery. 


STEAM   AND 

GAS  ENGINES 

GAS 

PRODUCERS 

STEAM 

TURBINES 


RIDGWAY  DYNAMO   AND  ENGINE  CO. 

RIDGWAY,  PA. 

Ridgway  luigines;  four-valve,  cross  compound,  belted,  single-valve, 
tandem  compound,  direct  connected.  Ridgway  Generators;  alternating 
current,  direct  current,  belted  and  engine  types. 


ENGINES 
GENERATORS 


ROBB  ENGINEERING  CO.,  LTD. 

Waverly  St.,  SOUTH  FRAMINGHAM,  MASS 
ISl  State  St.,  BOSTON  90  West  St.,  NEW  MOKK 

Robb-Brady  Internally    Fired   Boiler,  Water  Tube,   Return  Tubular, 
and  other  types  of  boilers;  Smoke  Stacks,  Tanks,  etc. 


BOILERS 


THE  VILTER  MI  G.   CO. 

1070-1088  Clixton  St.  MILWAUKEE,  WIS. 

Establislicd  1867 

Ruilders  of  Corliss  Engrines.  Girder  or  Heavy  Duty  Type  Bed  for  Belted  or  Direct- 
Connected  Service,  medium  or  high  speed.    Ice  and  Refrigeration  Machines. 


ENGINES 

REFRIGERATING 
MACHINERY 


THE  WESTINGHOUSE  MACHINE  CO. 

EAST  PITTSBURG,  PA. 

Designers  and  builders  of  Steam  Turbines,  Steam  Engines,  Gas  En- 
gines, Gas  Producers,  Condensers  and  Mechanical  Stokers. 


TURBINES 
ENGINES 

GAS 

PRODUCERS 

CONDENSERS 

STOKERS 


GAS  ENGINES  AND  GAS  PRODUCERS 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 

Builders  of  Gas  Engines  to  operate  on  producer  gas,  natural  gas  or 
furnace  gas,  capacities  from  300  to  5000  B.H.P. 


THE  BRUCE-MACBETH  ENGINE  CO. 

Successors  to  THE  BRUCE-MERIAM-ABBOTT  COMPANY 
2116   Centre  St.,  N.  W.     CLEVELAND,  O. 
Vertical  Gas  Engines,  Two  and  Four  Cylinders.      For  natural  or  pro- 
ducer gas.      15  to  300  H.  P.      Economy,  reliability  and  simplicity  unex- 
celled.   
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GAS 
ENGINES 


GAS  ENGINES 

AND 

PRODUCERS 


GAS'ENGINES  AND  GAS   PRODUCERS 


REFRIGERATINQ 

and 

ICE    MAKING 

MACHINERY 

OIL   AND    GAS 

ENGINES 


OIL 

ENGINES 


I     DE  LA  VERGNE  MACHINE  COMPANY 

1123  E.  138th  St.  NEW  YORK  CITY 

Refrifi;eratinfy  and  Ice  Making-  Machinery,  5  to  600  tons  capacity;  Oil 
Engines  up  to  350  B.  H.  P.;  Gas  Engines  75  to  2400  B.  H.  P, 


AUGUST  MIETZ  IRON  FOUNDRY  &  MACHINE  WORKS 
123  MoTT  St.,  new  YORK 

Oil  Engines,  Marine  and  Stationary,  2-400  h.p.,  150,000  h.p.  in  oper- 
ation. Direct  coupled  or  belted  to  Generators,  Air  Compressors,  Pumps, 
Hoists,  etc.,  etc. 


GAS    ENGINES 

AND 

PRODUCERS 


NATIONAL  METER  COMPANY 

NEW  YORK  CHICAGO  BOSTON 

Nash  Gas  Engines  and  Producers  are  capable  of  running  at  their  rated 
load  for  ten  consecutive  hours  on  one  charge  of  fuel;  will  develop  a  B.  h,  p. 
hour  on  one  pound  of  coal;  are  reliable  because  they're  Nash. 


POWER  PLANT  AUXILIARIES  AND  SPECIALTIES 


INJECTORS 


AMERICAN  INJECTOR  COMPANY 

DETROIT,  MICH. 
U.  S.  Automatic  Injectors,  Ejectors,  Jet  Pumps,  Drive  WellJet  Pumps, 
Exhaust  Injectors,  Fire  Plugs,  Grease  Cups,  Oil  Cups,  Oil  Pumps,  Water 
Gages,  Gage  Cocks,  lubricating  devices  and  other  steam  specialties. 


VALVES 

GAUGES 

INDICATORS 


VALVES 
GAGES 


AMERICAN  STEAM  GAUGE  AND  VALVE  MFG.  CO. 

BOSTON,  MASS.  Established  1851 

Presssure  and  Recording  Gauges,  Engine  Room  Clocks  and  Counters  for  all  pur- 
poses. Iron  and  Brass  Pop  Safety  and  Relief  Valves  for  stationary,  marine  and  loco- 
motive use.  The  American  Thompson  Improved  Indicator  with  new  improved  detent 
motion. 


THE  ASHTON  VALVE  CO. 

BOSTON  NEW  YORK  CHICAGO 

Makers  of  the  Ashton  Pop  Safety  Valves,  Water  Relief  Valves,  Blow 
Off  Valves,  Pressure  and  Vacuum  Gages.  All  of  a  superior  quality  and 
guaranteed  to  give  greatest  efficiency,  durability  and  perfect  satisfaction 


OIL  AND  TAR 
BURNERS 

FURNACES 


W.   N.   BEST 


11  Broadway 


NEW  YORK  CITY 


Apparatus  for  and  technical  information  relative  to  all  forms  of  liquid 
fuel  equipment. 
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POWER   PLANT  AUXILIARIES  AND   SPECIALTIES 


THE  BRISTOL  COMPANY 

WATER  BURY,  CONN. 

Bristol's  Recording  Prossnro  and  Vaciiuin  (".aupes.  Bristol's  Recording  Ther- 
mometers. The  Wm.  H.  Bristol  Electric  ryronicters.  Bristol's  Recording  Voitmcters, 
Ammeters  and  Wattmeters.  Bristol's  Recording  Water  Level  Gauges.  Bristol's  Time 
Recorders  and  Bristol's  Patent  Steel  Belt  Lacing. 


RECORDING 

GAUGES 

and 

INSTRUMENTS 


HENRY  AV.   RIIJvLEY 

ORANGK,   N.  J. 
The  Bulkk'v  Injector  Coiulensor  is  j>uaranteecl  to  form  the  best  vacuum 
by  head  of  water  or  by  supply   pump.      In  general  use  on  all  classes  of 
engines. 


INJECTOR 
CONDENSOR 


CHAPMAN  VALVE  MANUFACTURING  CO. 

INDIAN  ORCHARD,  MASS. 

BOSTON       NEW  YORK       ST.  LOUIS       PITTSBURGH       CHICAGO       PHILADELPHIA       SAN  FRANCISCO 

Brass  and  Iron  Valves  for  steam,  water,  gas,  oil,  etc.     Sluice  Gates. 
Send  for  catalogue. 


VALVES 


CROSBY  STEAM  GAGE  AND  VALVE  CO. 

BOSTON,  MASS. 

Steam,  Gas,  Hydraulic  Indicators:  Stationary.  Marine.  Locomotive  Safety  Valves; 
Gages  for  all  purpcses:  Kotonlin^'  Instruincnts;  Cliiiiio  Whistler;  Sight  feed  Lubrica- 
tors; Globe  and  Angle  Valves,  Iron  and  Brass,  for  liigli  pressures;  Blow-off  Valves;  Gage 
Testing  Instruments;  Boiler  Testing  Instruments;  Planimeters  and  other  specialties. 


STEAM 
APPLIANCES 


THOS. 

York  and  23rd  Sts. 


H.  DALLETT  CO. 

PHILADELPHIA,  PA. 


Manufacturers  of  a  complete  line  of  Air  Compressors,  suitable  for  high-class  instal- 
lations. Equipped  with  special  "Silent"  inlet  and  discharge  valves.  Also  Pneumatic 
Boiler  Scalers  for  cleaning  boiler  sheets,  drums,  condensers,  etc.   Send  for  literature. 


Air 
Compressors 

Pneumatic 
Boiler 
Scales 


DEARBORN  DRUG  &  CHEMICAL  WORKS 

General  Offices  and  Laboratories:  McCormick  Bldg.,  CHICAGO 
Analyze  gallon  samples  of  boiler  waters,  and  furnish  reports  to  steam 
users,  gratis.     Prepare  scientific  water  treatment  for  the  prevention  of  scale, 
corrosion,  pitting,  foaming,  and  all  troubles  caused  from  boiler  waters. 


BOILER 
WATER 

TREATMENT 
BOILER 

COMPOUND 


HOMESTEAD  VALVE  MANUFACTURING  COMPANY 

Works:     HOMESTEAD,  PA.  PITTSBURG,  PA. 

Manufacturers  of  "Homestead  Valves."  Straightway,  Three-way  and 
Four-wa}',  for  blow-off  or  for  highest  pressure  and  most  difficult  service  for 
water,  air  or  steam.     Valves  unlike  all  others. 


VALVES 


THE  HUGHSON  STEAISI  SPECIALTY  CO. 

CHICAGO,  ILL. 

Manufacturers  of  Regulat  ins;  X'alvcs  for  all  i)ri'ssiircs  and  for  steam,  air  and  M'atcr. 
The  best  and  only  absolutely  noiseless  Conibination  Hack  Pressure  and  Relief  Valve. 
Pump  Regulators,  Separators,  Steam  Traps,  Automatic  Stop  and  Check  Valves.  Write 
for  complete  catalogue. 
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VALVES 
STEAM  TRAPS 
SEPARATORS 
REGULATORS 


POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


AIR 

COMPRESSORS 

AIR  TOOLS 

AND    HOISTS 


VALVES 

PACKING 
DISCS 


INGERSOLL-HAND    COMPANY 

llBKOAinvAT  NEW  YORK 

Air  Compressors,  twenty  standard  types,  capacity  8  to  8000  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor 
Hoists,  capacity  i  to  5  tons. 


NEW  YORK 


JENKINS  BROS. 

BOSTON  PHILADELPHIA  CHICAGO 


Manufacturers  of  the  genuine  Jenkins  Bros.  Valves,  Jenkins  Discs, 
Jenkins  '96  Packing,  Jenkins  Bros.  Pump  Valves,  Jenkins  Gasket  Tubing. 
Sole  agents  for  Sellers'  Restarting  Injector.     Catalog  mailed  on  request. 


MAGNESIA 
ASBESTOS 

AND 
BRINE  PIPE 
COVERINGS 


ROBERT  A.   KEASBEY  CO. 

100  N.  Moore  St.  NEW  YORK  CITY 

Teleplione:  6097  Franklin. 

Heat  and  Cold  Insulating  Materials.     Headquarters  for  85%  Magnesia, 
Asbestos  and  Brine  Pipe  Coverings,  Asbestos  Products,  etc. 


BOILERS 


E.   KEELER  COMPANY 

WILLIAMSPORT,  PA. 

Water  Tube,  Internal  Furnace  and  Return  Tubular  Boilers.     Self-Sup- 
porting  Stacks,  Feed  Water  Heaters. 


VALVES 


THE  KENNEDY   VALVE  MANUFACTURING  CO. 

ELMIRA,  N.  Y.  57  Beekman  St.,  NEW  YORK 

Manufacturers  of  Valves  for  various  purposes  and  pressures;  Hj'drants; 
Indicator  Valves  for  .\utoraatic  Sprinkler  Equipment. 


VALVES 

BLOW-OFF 

VALVES 

FIRE  HYDRANTS 


THE  LUDLOAV  VALVE  MFG.   CO. 

TROY,  N.  Y. 
Manufacturers    of  genuine    Ludlow   Gate   Valves    for   all   purposes. 
Special  Blow-off  Valves.      Check  Valves.     Foot  Valves.       Sluice  Gates, 
Indicator  Posts.     Fire  Hydrants. 


VALVES 

INJECTORS 

LUBRICATORS 

ETC. 


THE  LUNKENHEIMER  COMPANY 

CINCINNATI,  OHIO 

Manufacturers  of  high-grade  engineering  specialties,  comprising  Brass  and  Iron 
Valves,  Whistles,  Cocks,  Gauges,  Injectors,  Lubricators,  Oil  Pumps,  Oil  and  Urease 
Cups,  etc.,  adapted  to  the  requirements  of  all  ciasses  of  machinery. 


AUTOMATIC 

BOILER 
FURNACES 


THE  MODEL  STOKER  CO. 

DAYTON,  O. 
The  Model  Automatic  Smokeless  Furnace.     The  only  automatic  fur- 
nace that  keeps  the  fire  clean.      Designed  by  experienced  skill,  and   is  a 
decided  advance  in  stoker  furnace  construction  and  in  operative  results. 


34 


POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


MONARCH  VALVE  &  MANUFACTURING    COMPANY 

39  CoRTLANDT  St. ,  NEW  YORK  SPRINGFIELD,  MASS. 

Manufacturers  of  Bronze  and  Iron  Bodied  Valves  for  various  pressures 
and  purposes. 


VALVES 


MOREHEAD    MANUFACTURING 

DETROIT,  MICH. 


CO. 


Return,  Non-llctiirn  .iiid  Vacmim  Steam  Traps.  The  Morehead  Tiltinpr  Steam  Trap 
is  the  original  dosifrn  of  tilting  trap,  liaviii-r  been  on  the  market  for  a  quarter  of  a  cen- 
tury. For  reliahlo  and  satisfactory  service  this  type  of  trap  recommends  itself.  Illus- 
trated descriptive  cataloj?  sent  on  request. 


THE  MURPHY  IRON  WORKS 

DETROIT,  MICH. 

Founded  18T8  Inc.   1904 

Builders  of  The  Murphy  Automatic  Furnace.     The  best  Automatic  Fur- 
nace that  thirty  jears  practical  experience  can  produce. 


STEAM 
TRAPS 


AUTOMATIC 
FURNACE 


NELSON  VALVE  COMPANY 

PHILADELPHIA 
Gate,  Globe,  Angle  and  Check  Valves,  for  Water,  Saturated  or  Super- 
heated Steam  and  other  fluids,  for  any  pressure,  for  anj'  temperature;  also 
Blow-ofF  Valves.    Our  new  22i-pa<fe  Valve  Catalogue  sent  free  on  request. 


VALVES 


THE  OHIO  INJECTOR  COMPANY 

WADSWORTH,  O. 

Manufacturers  of  Ohio  Locomotive  Injectors,  Garfield  Injectors  and  Electors, 
Ohio  Automatic  Injectors,  Chicago  Automatic  Injectors  and  Ejectors  Chicago  Sight- 
Feed  Lubricators  for  locomotive  and  stationary  service,  Grease  Cups  Oil  Cups.  Water 
Gauges,  Gauge  Cocks,  O.  I.  Co.  Valves,  etc. 


THE  PICKERING  GOVERNOR  CO. 

PORTLAND,  CONN. 

Governors    for  Steam    Engines,    Turbines,    Gas    Engines.      Mechanical 
Control,   Power  Regulation. 

See  our  Condensed  Catalogue  in  April  number  of  The  Journal. 


POWER  PLANT  SPECIALTY  COMPANY 

623  MoN.\DNOCK  Elk.,  CHICAGO,  ILL. 

Manufacturers  of  the  ^'ater  Two  Stage  Separator,  Vater  Water  Soften- 
ing System,  Vater  Open  Feed  Water  Heater,  Monarch  Vacuum  Drain 
Trap,   Pressure  and  Gravity  Filters.      Correspondence  solicited. 


POWER  SPECIALTY  CO. 

Ill   Broadway  NEW  YORK 

The  Foster  Patent  Superheater,  saves  feed  water,  condensing  water, 
coal  and  boiler  power. 


INJECTORS 

EJECTORS 

LUBRICATORS 

GREASE  CUPS 

GAUGES 

VALVES 


GOVERNORS 


SEPARATORS 
FEED-WATER 

HEATERS 
SOFTENERS 


SUPERHEATERS 


35 


POWER    PLANT   AUXILIARIES   AND    SPECIALTIES 


WATER 
SOFTENING 
PURIFYING 

and 
FILTERING 
SYSTEMS 


WISI.   B. 

SCAIFE  & 

SONS 

COMPANY 

221  FiKST  Ave., 

PITTSBURG,  PA. 

WE-FU-GO  and  SCAIFE  Water  Softening, 
Systems  for  boiler  feed  water  and  all  industrial 

Purifj'ing  and  Filtering 
and  domestic   purposes 

INJECTORS 

AND 
OIL    PUMPS 


SHERWOOD  MANUFACTURING  CO. 

BUFFALO,  N.  Y. 

Twenty-five  years  experience  manufacturing:  the  Sherwood  Double  Tube  Injectors 
for  liigli  duty:  Bufl'alo  Automatic  Injectors;  also  makers  of  the  Hart  Force  Feed  Oil 
Pump  for  Steam  Engines;  BufTalo  Force  Feed  Multiple  Oil  Pumps  for  Gas  and  Gaso- 
line Engines;  Oil  Cups,  etc.    Catalog  on  application. 


ROTARY 
GATE 
VALVE 


JOHN  SIMMONS  COMPANY 

110  Centke  St.  new  YORK 

The  Rothchild  Rotary  Gate  Valve  is  the  only  Valve  made  that  will 
positively  hold  steam,  water,  ammonia,  jias,  air,  oil  or  other  fluids — hot 
or  cold,  without  any  adjustment,  repairs  or  replacing  of  parts. 


INSTRUMENTS 


C.  J.  TAGLIABUE  MFG.   CO. 

396-398  BROADWAY  NEW  YORK,  N.  Y. 

Local  Sales  Offices  in  Chicago  and  San  Francisco 
Manufacturers  of  Instruments  for  Indicating,  Recording  and  Controlling  Tempera- 
ture and  Pressure.     Thermometers;  Automatic  Controllers;  Gages;  Oil  Testing  Instru- 
ments; Engineers  Testing  Sets,  Pyrometers,  Barometers,  Hygrometers,  Hydrometers,  etc. 
See  our  Condensed  Catalogue  in  April  number  of  The  Journal. 


LUBRICATING 
OILS 


THE  TEXAS  COMPANY 

NEW  YORK  HOUSTON 

Lubricatino;  Oils  for  Power  Plants,  Central  Stations,   Mac-hine  Shops, 


Foundries  and  all  general  purposes, 
the  highest  quality. 


All  classes  of  Petroleum  Products  of 


CONDENSERS 

PUMPS 

COOLING 

TOWERS 


WHEELER  CONDENSER  &  ENG. 

Main  Office  and  Works:    CARTERET,  N.  J. 


CO. 


Surface,  Jet  and  Barometric  Condensers,  Combined  Surface  Condensers  and  Feed 
Water  Heaters,  Cooling  Towers,  Edwards  Air  Pumps,  Centrifugal  Pumps,  Rotative 
Dry  Vacuum  Pumps  and  Multiple  Effect  and  Evaporating  Machinery. 


CONDENSERS 

COOLING 
TOWERS 

FEED-WATER 
HEATERS 


C.  H.  WHEELER  MFG.  CO. 

PHILADELPHIA,  PA. 

NEW    YORK  BOSTON  CHICAGO  SAN    FRANCISCO 

Manufacturers  of  High   Vacuum  Apparatus,  Condensers,  Air  Pumps, 
Feed  Water  Heaters,  Water  Cooling  Towers,  Boiler  Feed  and  Pressure  Pumps. 


PAPERS 

ON 

CONDENSERS 


PAPERS  FROM  TRANSACTIONS  OF  A.  S.  M.  E. 
No.  534.     An  Evaporative  Surface  Condenser:  J.  H.  Fitts,  price  $.10; 
No.  693.     A    Self-Cooling   Condenser:    Ralberger,    price  $.20;  No.    10T2. 
Condensers  for  Steam  Turbines,  price  $.'20. 
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PUMPS  AND   HYDRAULIC  TURBINES 


PUMPS  AND   HYDRAULIC  TURBINES 


AI.LIS-CIIALMEIIS  COMPANY 

MILWAUKEE,  WISCONSIN 

Builders  of  Reaction  and  Impulse  Turbines,  in  capacities  up  to  20,000 

H.P.    Hi-j,!!  Duty  Punipin-^-  I'-nji^ines,  Centrifugal  Pumps,  Sinu;Ie  and  Multi- 

Sta<re;  Screw  Pumps,  Elevator  Punijis,  Geared  Pumps,   Mine  Pumps  and 

Electrically  Driven  Pumps.    Hydraulic  Transmission  Pumping  Machinery. 


HYDRAULIC 
TURBINES 

PUMPING 
MACHINERY 


AMERICAN  STEAM  PUMP  COMPANY 

BATTLE  CREEK,  MICHIGAN,  U.  S.  A. 

Manufacturers  of  Marsh  and  Aiiu'rican  Steam  and  Power  Pumping:  Machinery. 
The  valve  motion  is  desig-ned  for  eflicient  and  reliable  service,  which,  combined  with 
low  maintenance  cost,  should  appeal  to  engineers  who  desire  to  reduce  their  operating 
expenses.     Literature  upon  request. 


PUMPING 
MACHINERY 


M.   T.  DAVIDSON  CO. 

43-53  Keap  St.,  BROOKLYN,  N.  Y. 
New  Youk:  134  Nassau  St.  Boston:  30  Oliver  St. 

High  grade  economical  Pumps  for  all  services.     Surface  and  Jet  Con- 
densers. 


PUMPS 
CONDENSERS 


THE  GOULDS  MANUFACTURING  COMPANY 

SENECA  FALLS,  N.  Y. 

Manufacturers  of  Efficient  Triplex  Power  Pumps  for  general  water  supply,  muni- 
cipal water-works,  fire  protection,  hydraulic  elevators,  paper  and  pulp  mills,  boiler  feed 
pumps,  chemical  pumps  and  air  compressors,  rotary,  centrifugal  and  well  pumps  and 
hand  pumps  of  every  kind. 


PUMPS 
HYDRAULIC 
MACHINERY 


HOLYOKE  MACHINE  COMPANY 

HOLYOKE,  MASS.  WORCESTER,  MASS. 

Water  Wheels  with  Connections  and  Complete  Power  Transmission, 
Water  Wheel  Governors,  Gearing,  Wood  Pulp  and  Paper  Machinery, 
Pumps,  Hydraulic  Presses.     Special  Machinery  to  order. 


WATER 

WHEELS 

WOOD  PULP 

AN  O 

PAPER 
MACHINERY 


J.  &  W.  JOLLY,  Inc. 

HOLYOKE,  MASS. 
McCormick  Holyoke  Turbines  designed  to  suit  Mill  or  Hydro-Elec- 
tric  Work .       Paper   Mill   Machinery,   Shafting,    Gearing,    Pulleys   and 
Freight  Elevators. 


MORRIS  MACHINE  WORKS 

BALDWINSVILLE,  N.  Y. 
Manufacturers  of  Centrifugal  Pumping  Machinery,  Vertical  and  Hori- 
zontal Engines  and  Marine  Engines. 


TURBINES 
PAPER    MILL 
MACHINERY 


CENTRIFUGAL 

PUMPING 

MACHINERY 

ENGINES 
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PUMPS  AND   HYDRAULIC  TURBINES 


Machinists 

PUMPS 

Manufacturcrs 


WILLIAM  E.   QUIMBY,  INC. 

548-50  West -230  St.  NEW  YORK 

Have  a  shop  on  23d  Street,  New  York,  equipped  with  large  and  accurate 
tools  and  do  a  general  machine  business.  Also  manufacture  the  Quimby 
Screw  Pump  and  Quimby  Electric  Sump  Pump. 


POWER  TRANSMISSION 


PULLEYS 


PULLEYS 


THE   AMERICAN   PULLEY   CO. 

PHILADELPHIA,  PA. 

The  American  Pulley.  The  first  all  steel  parting  belt  pulley  made.  Now  sold  in 
larger  quantities  than  any  one  make  of  pulley.  No  key,  no  set  screw,  no  slip;  light, 
true  and  amply  strong  for  double  belts.    1,'0  stocks  carried  in  the  United  States. 


ONEIDA  STEEL  PULLEY  CO. 

ONEIDA,  N.  Y.  CHICAGO,  ILL. 

The  largest  manufacturers  of  Pulleys  in  the  world.  Our  Steel  Pulleys 
range  from  (i  to  126"  diameter,  3  to  Mf  face,  and  fit  any  size  shaft  from  1 
to  sV.     Let  us  send  you  our  booklet  illustrating  all  styles. 


SHAFTING 
PULLEYS 
HANGERS 


THE  A. 

&  F. 

BROWN  CO 

172  Fulton 

St 

NEW 

YORK 

Manufacturers  of  Shaft 

ing,   Pl 

lleys,    Hangers,  etc. 

for  Transmission 

of  Power. 

FRICTION 
CLUTCHES 


THE   CARLYLE  JOHNSON  MACHINE  CO. 

MANCHESTER,  CONN. 

The  Johnson   Friction   Clutch  for  feed  and  speed  changes  on  machine 
tools.     Send  for  our  booklet    "Clutches  for  Use  in  Machine  Buildinjr." 


POWER 

TRANSMISSION 

ELEVATORS 

CONVEYORS 


DODGE  MANUFACTURING  CO. 

MISHAWAKA,  IND. 

Manufacturers  of  everything  for  the  Mechanical  Transmission  of 
Power;  also  Elevating  and  Conveying  Machinery,  and  the  "Eureka" 
Water  Softener.     Send  for  general  catalog  C-10. 


Power 

Transmission 

appliances 


FALLS  CLUTCH  AND  MACHINERY  CO. 

CUYAHOGA  FALLS,  OHIO 

Friction  Clutch  Pulievs,  Couplings,  Quills,  Operators,  Clutch  Sheaves. 
Floor  Stands,  Heavy  Mill  Bearings,  Shaft  Couplings,  Sheaves  and  Tension 
Carriages,  Pulleys  and  Flv  Wheels. 
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POWER    TRANSMISSION 


FLEXIBLE  STEEL  LACING  CO. 

542  W.  Jackson  Boulevanl  CHICAGO,  ILL. 

AUigator  Steel  Belt  Laeing-.  Adapted  for  use  on  leatlier,  rubber,  balata, 
cotton  or  canvas-stitched  beltinfj  of  any  width  or  thickness.  A  ])erfect  flex- 
ible joint  and  separable  hinge  joint  that  works  satisfactorily  with  an  idler. 


STEEL 

BELT 

LACING 


THE  HILL  CLUTCH  COMPANY 

CLEVELAND,  OHIO 
Manufacturers  of  a  complete  line  of  Power  Transmission   Machinery 
for  belt,  rope   or  gear   driving,  including  the  well   known    Hill    Friction 
Clutches  and  Hill  Collar  Oiling  Bearings. 


Power 
transmission 


THE  ROCKWOOD  MANUFACTURING  CO. 

INDIANAPOLIS,   IND.  Polleys— Paper 

Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority.  | 
You  will  find  our  booklets  regarding  Transmission  of  Power  by  Belts  and  j   "•" 
Friction  Transmission  desirable  additions  to  your  engineering  library. 


Friction 
ransuission 


T.   B.   WOOD'S  SONS  CO. 

CHAMBERSBURG,  PA. 
Modern  and  Approved    Appliances    for   the   transmission   of   Power. 
Shafting,  Couplings,  Collars,  Hangers,  Pulleys,  Belt  Tighteners,  Friction 
Clutches,  Rope  Driving  Equipments. 


POWER 
TRANSMISSION 


HOISTING  AND  CONVEYING  MACHINERY 


ALLIANCE  MACHINE  CO. 

ALLIANCE,  OHIO 
Makers  of  Alliance  Cranes  of  all  types;  also  Rolling  Mill  and  Hydraulic 
Machinery,  Steam  Hammers,  Punches  and  Shears,  Scale  Cars,  Copper-Con- 
verting Machinery,  etc. 


BRODERICK  &  BASCOM  ROPE  COMPANY 

ST.    LOUIS,  MO. 

Manufacturers  of  Wire  Rope  for  over  a  quarter  of  a  century  and  of  the 
famous  Yellow  Strand  Wire  Rope,  the  most  powerful  rope  made. 

Special  system  of  Aerial  Wire  Rope  Tramways  for  conveying  material. 


CRANES 

STEAM 

HAMMERS 

PUNCHES 

AND 

SHEARS 


WIRE   ROPE 

Aerial  Wire  Rope 
TRAMWAYS 


THE  BROWN  HOISTING  MACHINERY  CO. 

New  York  CLEVELAND,  O.,  U.  S.  A.  Pittsburg 

Designers  and  manufacturers  of  all  kinds  of  Hoisting  Machinery,  including  Loco- 
motive Cranes.  Electric  Travelers,  I-beam  Trolleys.  Crabs.  Winches,  etc.,  as  M-ell  as 
heavy  Hoisting  Machinery  of  all  description.  Also  Ferroinclave  for  reinforced  con- 
crete roofing. 


HOISTING 
MACHINERY 
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CONVEYORS 

ELEVATORS 

POWER 

TRANSMISSION 


HOISTING  AND  CONVEYING   MACHINERY 


H.  W.  CALDWELL  &  SON  COMPANY 

NEW  YORK  CHICAGO 

Elevating,  Conveying  and  Power  Transmitting  Machinery.     Helicoid  & 

screw  conveyors,  machine  molded  gears,  pulleys,  fly-wheels,  rope  sheavea 

and  drives,  sprocket  wheels  &  chain,  buckets,  belting,  shafting  and  bearings. 


HOISTING 
ENGINES 
AND 
DERRICKS 


CLYDE  IRON  WOllKS 

DULUTH,  MINN. 
Hoisting  Engines  and  Derricks.     All  sizes  and  types  of  engines. 


ELEVATORS 

FRICTION 

CLUTCHES 

PULLEYS 


THE  EASTERN  MACHINERY  COMPANY 

NEW  HAVEN,  CONN. 

Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Freight  Ele- 
vators, Hoisting  Machines,  Friction  Winding  Drums,  Friction  Clutches 
and  Friction  Clutch  Pulleys. 


CONVEYOR 
BELTS 


THE  B.  F.  GOODRICH  CO. 

AKRON,  OHIO 
Manufacturers  of  Goodrich  Conveyor  Belt.     The  Goodrich  "Longlife," 
"Economy"  and  "Grainbelt"  Conveyors  will  handle  more  tons  per  dollar 
of  cost  than  any  other  belt  made. 


ELEVATING 
CONVEYING 

MINING 
MACHINERY 


THE  JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Builders  of  Elevating:,  Conveying  and  Mining  Machinery ;  Coal  and  Ashes  Hand- 
ling Systems  for  Power  Plants;  Screens,  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples, 
Coal  Washeries,  Locomotives,  Coal  Cutters,  Drills,  etc.  Complete  Coal  Mine  Equip- 
ments. 


HOISTING 
ENGINES 

CABLEWAYS 

MARINE 
TRANSFER 


LIDGERWOOD  MFG.   CO. 

9()  LiHERTY  St.  NEW  YORK 

Hoisting  Engines — steam  and  electric,  for  every  use  of  the  contractor,  miner, 
warehouseman,  railroads,  ship  owners,  etc.  Derrit'ks,  Derrick  Irons  and  Derrick  Hoists, 
Cableways  for  hoisting  and  conveying,  Marine  Transfer  for  coal  and  cargo  handling. 


ELEVATORS 

AND 
CONVEYORS 


LINK-BELT  COMPANY 

PHILADELPHIA  CHICAGO  INDIANAPOLIS 

Elevators  and  Conveyors  for   every  purpose;   all   accessories;    Power 
Transmission  Machinery. 


ELEVATING 

AND 
CONVEYING 
MACHINERY 


MEAD-MORRISON  MANUFACTURING  COMPANY 

NEW  YORK  BOSTON  CHICAGO 

Coal-Handling  Machinery,  Hoisting  Engines,  complete  Discharging  and  Storage 
Plants,  Cable  Railways,  Marine  Elevators.  McCaslin  and  Harrison  Conveyors,  Steam, 
Electric,  Belt  and  Gasoline  Hoists,  Derrick  Swingers,  Grab  Buckets,  Steam  Boilers, 
Locomotive  Derricks,  Suspension  Caoleways. 
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HOISTING  AND  CONVEYING   MACHINERY 


THE   IMORGAN    ENGINEERING   CO. 

ALLIANCE,  OHIO 
Are  the  Iar<ie.st  builders  of  Electric  Traveliii"-  Cranes  in  the  world.    We 
also   dcsif^n  and  Vniild  Steel  Plants  complete,  Hanniiers,  Presses,  Shears, 
Charjiing-  Machines  and  all  kinds  of  Rolling-  Mill  and  Special  Machinery. 


CRANES 


NORTHERN  ENGINEERING  WORKS 

DETROIT,  MICH. 
We  make  Cranes  of  all  tj'pes  up  to  150  tons.     We  also  make  Grab 
Bucket  Cranes  and  Hoists  for  coal  storage  service,  Cupolas,  Coal  and  Ash 
Handlinti-  ^Machinery,  Elevators  and  Foundry  Equipment. 


CRANES 
HOISTS 


THE 

H. 

J.  REEDY 

CO. 

CINCINNATI,  O. 

Mam 

'facturers  of 

all 

types  of  Passeng( 

21"  and 

Freight 

Ele- 

vators. 

ELEVATORS 


ROBINS     CONVEYING     BELT     COMPANY 

Thomas  Robins,  Pres.   C.  KE3iBLEBALDwiN,Chief  Engr.,]3Park  Row,  N.Y. 

Tlie  Robins  Belt  Conveyor  Mas  tlie  orifjinnl  and  is  today  the  standard  of  this  type 
of  conveyinK-  machinery.  It  is  successfully  and  economically  conveying  ore,  rock,  coal 
and  similar  materials  under  the  most  trying  conditions  of  service.  Correspondence 
invited. 


ROBINS 

BELT 

CONVEYORS 


JOHN  A.  ROEBLING'S  SONS  COMPANY 

TRENTON,  N.  J. 
Manufacturers  of  Iron,  Steel   and    Copper  Wire    Rope,  and    Wire  of 
every  description. 


WIRE   ROPE 


SHAW  ELECTRIC  CRANE  CO. 

MUSKEGON,  MICH. 

Electric  Travelers  for  all  purposes.     Gantries.     Wharf  Cranes.     Rail- 
road Wreckinar  Cranes.     Electric  Motor  Controllers. 


CRANES 
OONTROLLCRS 


THE  TOLEDO  BRIDGE  &  CRANE  CO. 

TOLEDO,  OHIO 

Toledo  Cranes  and  Hoists;  Coal  and  Ore  Handling:  Bridjyes;  Grab  Bucket 
Machinery;  Electric  and  Hand  Power  Cranes,  all  types,  any  capacity; 
Structural  Steel  for  Factory  Buildings. 


CRANES 
HOISTS 


THE  WEBSTER  M'F'G  COMPANY 

(Successors  to  WEBSTER  M'F'G  CO.) 
TIFFIN,  OHIO.  Eastern  Branch:  88-90  Reade  St..  NEW  YORK 
Manufacturers  of  Elevating,  Conveying  and  Power  Transmitting  Machinery  for 
all  purposes.  Over  thirty  years'  experience  in  this  line  and  extensive  facilities  for 
manufacturing  give  us  large  advantages.  Belt  Conveyors  for  handling  cements,  ores, 
sand,  gravel,  etc.  Coal  and  Ash  Handling  Systems  for  power  plants  and  buildings. 
Chain  Belting.    Gearing. 
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ELEVATING 
CONVEYING 

POWER 

TRANSMITTING 

MACHINERY 


HOISTING  AND  CONVEYING   MACHINERY 


CHAIN 

BLOCKS 

ELECTRIC 

HOISTS 


THE   YALE   cV   TOWNE   MFG.    CO. 

9  Murray  St.  NEW  YORK 

Makers  of  the  Triplex  Block  and  Electric  Hoists.  The  Triplex  Block 

is  made  in  14  sizes,  with  a  lifting  capacity  of  from  4  to  20  tons;   Electric 
Hoist  in  10  sizes,  J  to  16  tons. 


AIR   COMPRESSORS  AND  PNEUMATIC  TOOLS 


AIR 
Compressors 

PNEUMATIC 
TOOLS 


CHICAGO   PNEUMATIC  TOOL  CO. 

CHICAGO,   ILL. 

Manufacturers  of  "Chicago  Pneumatic"  Air  Compressors  and  a  complete 
line  of  Pneumatic  Tools  and  Appliances. 


AIR 
COMPRESSORS 

TOOLS 

HOISTS    AND 

SAND 

RAMMERS 


INGERSOLL-RAND    COMPANY 

11  Broadway  NEW  YORK 

Twenty  standard  Air  Compressor  types,  capacity  8  to  8000  eu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists, 
i  to  5  tons  capacity;  "Crown"  Sand  Hammers,  floor  and  bench  types. 


ROLLING   MILL  MACHINERY 


r 


ENGINES 

ROLLING    MILL 
MACHINERY 


MACKINTOSH  HEMPHILL  k  CO. 

PITTSBURGH,  PA. 
Engines,  single  and  compound,  corliss  reversing  and  blowing.     Roll- 
ing Mill  and  Hydraulic  Machinery  of  all  kinds.     Shears,  Punches,  Saws, 
Coping  Machines. 


STEAM 

HYDRAULIC 

FORGING 

PRESSES 


UNITED  ENGINEERING  &  FOUNDRY  CO. 

2300  Farmers'  Bank  Bldg.  PITTSBURG,  PA. 

Manufacturers  of  High-Speed  Steam  Hydraulic  Forging  Presses. 
Single  Lever  Control.  Built  for  all  classes  of  Forging,  Shearing  or  Press- 
ing.    100  to  1:2,000  tons  capacity. 


PAPERS 

ON 
WATER 
WHEELS 


PAPERS  FROM  TRANSACTIONS  OF  A.  S.  M.   E. 

No.  24;5.  Testing  of  Water  \Vheels:"R.  H.  Ilnirston,  price  1.50;  No.  48.?.  A  Problem 
in  Water  Power:  John  Richards,  price  -lui;  No.  liUi.  Potential  Efficiency  of  Prime 
Movers:  C.  V.  Kern,  price  S.-^i);  No.  10.57.  Computation  of  \'alucs  of  Water  Power.s:  C. 
T.  Main,  price  .^..'O;  No.  1107.  Kfficiency  Tests  of  Turbine  Water  Wheels:  \V.  O.  Webber, 
price  $.30.  Price  per  set,  $1.20. 
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ELECTRICAL  APPARATUS 


ELECTRICAL  APPARATUS 


ALLTS-CHALMERS  COMPANY 

IMILWAUKKK,  WISCONSIN 

Builders  of  Electrical  Machinery  of  everj'  description;  Motors  and 
Generators  for  alternat,n<^  and  direct  current;  Rotary  Converters,  Trans- 
formers, Switchboards. 


MOTORS 

AND 

GENERATORS 


GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 
The  General  Electric  Company  has  equipped  machines  of  all  kinds  with 
its  motors.     For  each  kind  of  machine  there  is  an  equipment  of  motor  and 
controller  that  is  best. 


ELECTRIC 
DRIVE 


AYAGNER  ELECTRIC  MFG. 

ST.  LOUIS,  MO. 


COMPANY 


Producers  of  the  commercially  successful  Single-phase  Motor.  Pioneers  in  Power 
and  Lighting- Transformers.  Builders  of  the  most  liberally  designed  and  rugged  poly- 
phase generators  and  motors  the  market  affords.  Manufact\irers  of  the  most  compre- 
hensive line  of  switchboard  and  portable  instruments  offered  to-day. 


DYNAMOS 
MOTORS 

Transformers 
Instruments 


WESTINGHOUSE   ELECTRIC   k   MFG.   CO. 

PITTSBURG,  PA. 
Westinghouse   Electric    Motor   Drive.      Pumps,  compressors,  hoists, 
machine  tools  and  every  class  of  apparatus  develop  their  highest  efficiency 
when  individually  driven  with  Westinghouse  Motors. 


ELECTRIC 

MOTOR 

DRIVE 


BLOWERS,  FANS,  DRYERS,  ETC. 


P.  H.  &  F.  M.  ROOTS  CO. 

CONNERSVILLE,  IND. 

Positive  Pressure  Blowers  for  foundries.  High  Pressure  Blowers.  Blowers  for 
vacuum  cleaning,  for  laundries,  for  blacksmiths.  Positive  Rotary  Pumps,  Positive 
Pressure  Gas  Kxhaiisters.     High  Pressure  Gas  Pumps.     Flexible  Couplings. 


BLOWERS 

GAS 
EXHAUSTERS 

PUMPS 


RUGGLES  COLES  ENGINEERING  CO. 

McCoRMicK    Bi.DG.,  CHICAGO  Hi  dsox  Teumixal,  NEW  YORK 

Dryers.      Direct  heat.  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of 
materials. 
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DRYERS 


BLOWERS,   FANS,   DRYERS,   ETC. 


F<\NS 

BLOWERS 

ECONOMIZERS 

ENGINES 


B.   F.   STURTEVANT  COMPANY 

HYDE  PARK,  MASS. 
We  make  equipment  to    force   or    exhaust  air  under   all  conditions. 
Laro-est  stjindard  line  of  "ready  to  deliver"'  Fans  in  the  world  and  special 
work  done  where  necessary.     Consulting  representatives  in  or  near  your  city. 


FOUNDRY   EQUIPMENT 


SAND 
RAMMERS 

AIR  TOOLS 
AND  HOISTS 

COMPRESSORS 


INGERSOLL-RAND    COMPANY 


11   BUOADWAY 


NEW  YORK 


"Crown"  Sand  Rammers,  floor  and  bencli  types:  "Crown"  and  "Imperial"  Chipping 
Hammers;  "Imperial"  Air  Motor  Hoists,  j  to  5  tons  capacity;  Air  Compressors,  twenty 
types,  capacity  8  to  8000  cu.  ft.  per  minute. 


FOUNDRY 

MOLDING 

MACHINE 

EQUIPMENT 


MUMFORD  MOLDING  MACHINE  CO. 

PLAINFIELD,  N.  J. 


Plain  Power  Squeezinj^  Machines 
Jolt  Ramniini;-  Machines 


Split  Pattern   \'ibrator  Machines 
Pneumatic  Vibrators 


FOUNDRY 
EQUIPMENT 


J.   W.  PAXSON  CO. 

Pier  45  North  PHILADELPHIA,  PA. 

Manufacturers  and  engineers.  Complete  Foundry  Equipment.  Cupolas, 
Blowers,  Sand  Blast  Machinery,  Cranes,  Tramrail  Systems.  Foundry 
Buildings  designed,  Foundry  Sand,  etc. 


FOUNDRY 

PLANT 

EQUIPMENT 


WHITING  FOUNDRY  EQUIPMENT  CO. 

HARVEY,  ILL. 

Manufacturers,  Engineers  and  Designers  of  complete  equipment  for  grey  iron, 
brass,  car  wlieel,  pipe,  steel  and  malleable  foundry  plants,  and  Cranes  of  all  kinds 
for  every  service.  Buildings  designed  and  furnished;  equipment  installed  and 
operated. 


ENGINEERING  MISCELLANY 


ALUMINUM 


ALUMINUM  COMPANY  OF  AMERICA 

PITTSBURGH,    PA. 

Aluminum  Ingot,  Slieet,  Rod,  Wire,  Cable,  Tubing  and  other  forms. 
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ENGINEERING   MISCELLANY 


BUILDERS  IRON  FOUNDRY 

PROVIDENCE,  R.  I. 

Enjjint'crs,  Fomuk'rs  and  Machinists 
Castinjrs  of  Unusual  Wcifiht  and  Strcn-fth.     Large   and  Accurate 
Machine  Work.     Grindinj^  and  Polishing  Machines. 


CASTINGS 
MACHINE 

WORK 
GRINDING 
MACHINES 


EMMERT  MANUFACTURING  CO. 

WAYNESBORO,  PA. 

The  "N'oyes"  Vertical  or  Horizontal  T-S(iiiarc.  Comprises  a  combination  of  the  usual 
T-square,  scales  and  triangles,  with  whicli  the  draftsman  can  make  full  sized  drawings 
of  almost  any  size  of  machine,  while  sitting  or  standing  in  a  normal  position. 


VERTiCAL 

OR 
HORIZONTAL 
T-SQUARE 


RICHARDSON  SCALE  COMPANY 

BOSTON  NEW  YORK  CHICAGO 

Richardson  Automatic  Scales,  to  check  coal  received  and  amount  fed  to 
boilers.  Automatic  Scales  for  water  and  for  recording  contents  of  cars  and 
belt  convevors  in  transit. 


STANDARD  ROLLER  BEARING  COMPANY 

50th  St.  and  Lancaster  Ave.  PHILADELPHIA, PA. 

Largest  manufacturers  in  the  world  of  Ball  and  Roller  Bearings  for  all 
purposes.     Steel,  Bronze  and  Brass  Balls. 


UNION  DRAWN  STEEL  CO. 

BEAVER  FALLS,  PA. 
Makers  of  Bright  Cold  Finished  Bessemer,  Open  Hearth  Crucible  and 
Alloy  Steels,  in  Rounds,  Flats,  Squares,  Hexagons  and  Special  Shapes. 


AUTOMATIC 

WEIGHING 

MACHINERY 


BALL 

and 

ROLLER 

BEARINGS 


BRIGHT  COLD 

FINISHED 
STEEL  BARS 


THE  UNITED  STEEL  COMPANY 

CANTON,  OHIO 


VANADIUM  STEEL  i   t       t      ni  uu  f      tt     a,t    Piof  .     n^.. 

BASIC  O   H    STFFT    '-  Ingots,    Blooms,   Billets,   U.    M.  Plates,    Bars, 

SPECIAL  STEELS 


Sheet  Bars. 


STEEL 


S.  A.   WOODS  MACHINE  CO. 

BOSTON 


CHICAGO-NORFOLK 
NEW  ORLEANS-SEATTLE 

The  Planer  Specialists. 


Planers  for  Dressing  Lumber 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

No.  ]l-?6.  Producer  Gas  Power  Plant;  Bibbins,  price  §.20;  No.  1133. 
Evolution  of  Gas  Power:  Junge,  price  S..JO;  No.  1166.  Duty  Test  on  Gas 
Power  Plant:  Bibbins  and  Alden,  price  .'S.-tO;  No.  1167.  Control  of  Internal 
Combustion:  Lucke,  price  §.90.  Price  per  set,  $1.25. 


PLANERS 


PAPERS 

ON 

GAS 

PRODUCERS 
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ENGINEERING  SCHOOLS  AND  COLLEGES 


NEW  YORK  UNIVERSITY 
SCHOOL  OF  APPLIED  SCIENCE 

Dbpartments  of  Civil,  Mechanical  and  Chem- 
ical Engineering. 

For  announcements  or  Information,  address 
Charles  Henrt  Snow,  Dean. 

UNIVERSITY   HEIGHTS.  N.  Y.  CITY. 


TUFTS  COLLEGE 

Department  op  Engineering.  Civil,  Me- 
chanical, Electrical  and  Chemical  Engineering. 
New  laboratories  and  excellent  equipment. 
Beautiful  site  within  four  miles  of  Boston.  Pre- 
paratory department  for  students  who  have  had 
engineering  practice,  but  Insufficient  prepara- 
tion for  college  work.  For  Information  concern- 
ing courses  and  positions  of  graduates,  address 

Prof.  G.  C.  Anthony,  Dean, 

TUFTS  COLLEGE  P.  O..  MASS. 


POLYTECHNIC    INSTITUTE    OF 
BROOKLYN 


Course  in  Mechanical  Engineering,  Even- 
ing Post-Graduate  Courses.  Fred.  W.  Atkin- 
son, Ph.  D.,  President;  W.  D.  Ennis,  Member 
A.  S.  M.  E.,  Professor  Mechanical  Engineering. 


THE  RENSSELAER   POLYTECH- 
NIC  INSTITUTE 

Courses  In  Civil,  Mechanical  and  Electrical 
Engineering  and  General  Science  leading  to  the 
degrees,  C.  E.,  M.  E.,  E.  E.  and  B.  S. 

Unsurpassed  laboratories  for  Mechanical  and 
Electrical  Engineering. 

Catalogue  sent  upon  application,  TROY,N.  Y. 


PROFESSIONAL  CARDS 


THE  ARNOLD  COMPANY 

E  nglneers — Constructors 
Electrical— Civil— Mechanical 

105  South  La  Salle  Street,  CHICAGO. 

BERT  L.   BALDWIN 

Member  A.  S.  M.  E.  and  A.  I.  E.  E. 
Plans,  Specifications  and  Superintendence  of 
Manufacturing  Buildings,   Plants  and  Equip- 
ments of  same. 

Perln  BuUdlng.  CINCINNATI.  OHIO 

F.  W.  Dean       H.  M.  Haven      Wm.  W.  Crosby 
Members  A.  S.  M.  E. 

F.  W.  DEAN,  INC., 

Mill  Engineers  and  Architects, 

Exchange  Building,  53  State  St., 

BOSTON,   MASS. 


ELECTRICAL  TESTING 
LABORATORIES 

Electrical  and  Mechanical  Laboratories 
Tests  of  Electrical  Machinery,  Apparatus  and 
Supplies.    Materials     of     Construction,     Coal, 
Paper,  etc.     Inspection  of  Material  and  Appa- 
ratus at  Manufactories. 
80th  Street  and  East  End  Avenue. 

NEW  YORK  CITY. 


CHAS  T.  MAIN 

Member  A.  S.  M.  E. 
MlU  Engineer  and  Architect 
201  Devonshire  Street,  BOSTON,  MASS. 


J.   Wm.  PETERSON 

Lubrication  Engineer 

Specialty:  Plans,  Specifications  and  Superintend- 
ence of  Power  Plant  Oiling  Systems  and 
General  Machinery  Lubrication 


50  Church  Street 


NEW  YORK  CITY 


SPECIAL  RATES 

Will  be  quoted  on  request  for 
Professional  Cards. 
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